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TRANSLATOR'S  PREFACE. 


No  apology  is  necessary  for  placing  before  the  English  student  of 
neurology  Professor  Obersteiner’s  exact  and  impartial  account  of  the 
anatomy  of  the  central  nervous  system.  The  labour  of  selecting  from 
the  mass  of  literature,  with  which  the  subject  is  every  year  enriched, 
the  facts  of  greatest  importance,  and  the  theories  which  harmonise 
most  with  one  another,  must  have  been  immense.  It  would  only  be 
right  that  the  students  of  all  countries  should  be  allowed  to  participate 
in  the  result. 

In  giving  an  English  dress  to  Professor  Obersteiner’s  text,  the 
translator  has  attempted  to  transpose  its  forms  of  expression  into  the 
English  mode.  He  has  therefore  taken  some  liberties  with  the 
phraseology  without,  as  he  hopes,  in  any  case  distorting  the  author’s 
meaning ; his  aim  being  to  produce  a book  which  might  pass  as  an 
English  work  rather  than  as  a translation.  He  is  greatly  indebted  to 
Professor  Obersteiner  for  his  assistance  in  explaining  passages  as  to  the 
exact  force  of  which  he  was  in  doubt. 

All  additions  to  the  text  made  by  the  translator  are  included  in 
square  brackets  [ ].  He  is  also  responsible  for  all  footnotes,  for  the 

introduction  of  figs.  1,  2,  3,  4,  4a,  5,  7,  17a,  31,  165,  166,  167, 173,  174, 
218,  219,  220,  221,  222,  223,  224,  and  for  the  Appendix.  In  going 
through  Professor  Obersteiner’s  work,  care  has  been  taken  to  check 
the  references  in  the  text,  and  in  the  footnotes  to  the  figures,  where 
they  have  been  re-arranged  alphabetically.  Some  trouble  has  also 
been  spent  upon  the  Index,  into  which  the  terms  used  in  the  German 
edition  have  been  introduced,  in  order  that  the  reader,  who  is 
acquainted  with  such  terms  in  their  German  dress — and  some  of  them 
have  not  hitherto  made  their  appearance  in  English — may  have  the 
opportunity  of  looking  up  the  structures  which  they  designate  in  this 
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text-book.  When  doing  this  it  seemed  worth  while  to  give  the  com- 
moner synonyms  and  French  equivalents.  Not  that  the  glossary  has 
any  pretensions  to  lexicographical  completeness — it  is  merely  the 
translator’s  working  vocabulary. 

No  attempt  has  been  made  to  keep  step  with  the  German  edition  in 
typography.  Capital  letters  are  used  to  call  attention  to  the  sections, 
while  Italics  are  restricted  to  the  names  of  observers  quoted  as 
authorities ; personal  names  which  are  used  as  the  appellations  of 
structures  or  methods  are  printed  in  ordinary  type. 

The  spelling  of  the  word  “neurogleia”  will  probably  attract  the 
attention  of  the  reader.  Neurogloea  would  undoubtedly  be  more 
correct,  but  would  affect  the  pronunciation.  In  German  the  spelling 
“ neuroglia  ” is  perhaps  unexceptionable,  but  it  makes  a terrible  word 
when  pronounced  in  the  English  fashion.  Not  only  the  spelling  of 
the  term  but  also  its  application  is,  however,  open  to  discussion.  It 
appears  to  the  translator  to  be  a useful  term  when  applied  to  the 
connective-tissue  of  the  central  nervous  system,  which  differs  from 
other  forms  of  connective-tissue  in  its  origin  from  epiblast ; whereas, 
when  restricted  to  the  “ matrix,”  it  gives  an  undesirable  definiteness 
to  what  is,  after  all,  a hypothetical  substance. 

The  third  German  edition,  from  which  the  new  English  edition  has 
been  prepared,  has  been  almost  completely  rewritten  and  greatly  en- 
larged. Professor  Obersteiner  has  also  sent  to  the  translator  all  the 
alterations  and  additions  which  he  had  prepared  for  the  next  issue  in 
German.  The  book  is  therefore,  to  all  intents  and  purposes,  a fourth 
edition  of  Professor  Obersteiner’s  classical  work. 


Downing  College  Lodge, 
March  1890. 

Revised  1899. 
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Some  decades  ago  our  knowledge  of  the  intimate  structure  of  the 
central  nervous  system  was  still  very  insufficient — so  insufficient, 
indeed,  that  pathology  was  able  to  make  little  use  of  it.  Hence  we 
can  understand  how,  of  the  little  that  was  known,  the  practitioners  of 
the  time,  with  very  few  exceptions,  made  use  of  the  most  striking  facts 
only,  and  had  to  be  content  with  an  extreme  poverty  of  data. 

Since  then,  however,  a succession  of  distinguished  observers,  sup- 
ported by  the  improvements  made  in  method,  have,  with  surprising 
rapidity,  successively  thrown  more  light  into  the  chaos  of  manifold 
nerve-paths  and  their  nodal  points;  and  therefore  it  had  to  be 
acknowledged  in  practical  medicine  that  the  brain-  and  spinal  cord- 
anatomy  (until  now  so  contemptuously  set  aside) — despite  their  diffi- 
culty— are  worthy  of  the  most  exhaustive  consideration.  Nay  more, 
regions  which  seem  to  stand  far  enough  away  from  nerve-pathology — 
ophthalmology,  osteology,  and  even  dermatology — have  come  to  feel 
the  need  of  a fundamental  orientation  of  the  central  nervous  organs. 

To  meet  this  want  we  possess  now,  especially  in  German,  a number 
of  most  excellent  anatomical  text-books.  But  as  no  part  of  anatomy 
(least  of  all,  perhaps,  the  anatomy  of  the  nervous  system)  can  be  learnt 
from  books,  students  and  physicians  seek  out  the  laboratories  where 
opportunity  is  offered  them  of  making  themselves  familiar  with  the 
structure  of  the  brain  and  spinal  cord.  Certainly,  the  establishment 
of  ideally-equipped  laboratories  for  the  study  of  brain  anatomy,  such 
as  His  wanted  at  the  meeting  of  the  Berlin  Association  of  Naturalists 
of  1886,  will  long  remain  pium  desidermm.  At  present,  teachers  and 
students  must  be  content  with  the  incomplete  commencements  of  such 
institutions  as  already  exist  in  some  of  the  larger  universities. 

Experience  has  now  taught  me  what  are  the  justifiable  claims  which 
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a beginner,  who  does  not  yet  wish  to  become  a specialist  in  the  subject, 
may  make  upon  a text-book.  Especially  must  I assert  that  while,  on 
the  one  hand,  it  is  superfluous  to  go  into  incompletely  established 
details  (a  course  which  is  likely,  indeed,  to  produce  a depressing  and 
confusing  effect),  yet,  on  the  other  hand,  some  information  with  regard 
to  pathological  processes  should  most  certainly  be  given. 

In  the  following  pages  I have  tried  to  provide  the  student  with  a 
trustworthy  and  reliable  guide,  with  which,  in  the  absence  of  any 
other  teacher,  he  may  undertake  the  troublesome  journey  through  the 
several  regions  of  the  central  nervous  system.  Hence,  I have  con- 
tinually introduced  directions  for  making  preparations : the  numerous 
illustrations,  although  they  are  true  to  nature  (with  the  exception  of 
those  which  are  purely  diagrammatic),  are  only  meant  to  facilitate  the 
study  of  original  preparations — not  to  replace  them. 

Any  one  who  has  the  opportunity  of  visiting  a laboratory  with  a 
good,  collection  of  ready-made  preparations  can  with  advantage  use 
these,  and  so  save  himself  much  expenditure  of  time  and  patience  in 
making  a set  of  sections  for  himself.  When,  however,  circumstances 
allow,  working  with  the  knife  not  only  gives  the  dexterity  necessary 
for  undertaking  independent  investigations,  but  anatomical  relations 
imprint  themselves  much  more  firmly  upon  the  memory  when  one 
makes  the  sections  for  oneself,  and,  in  especial,  one  obtains  a clearer 
view  of  the  situation  of  the  several  elements  relatively  to  one  another. 

Good  drawings  and  cleverly  executed  models  facilitate  the  compre- 
hension of  difficult  anatomical  relations.  With  regard  to  models, 
however,  it  must  be  said  that  as  yet  we  do  not  possess  any  that  are 
completely  satisfactory.  Of  the  very  artistic,  but  also  very  expensive, 
model  of  Aeby,  His  says,  most  truly,  that  although  when  we  have  it 
before  us  it  seems  very  clear  and  transparent,  it  does  not  stand  the 
test  so  soon  as  the  eyes  are  removed  from  it. 

The  work  under  discussion,  therefore,  differs  in  many  respects  from 
existing  text-books  of  brain-anatomy. 

First,  as  to  the  manner  in  which  the  material  is  presented,  the 
strictly  didactic  standpoint  is  maintained ; whether  the  student  makes 
preparations  for  himself  or  not,  he  can  follow  the  route  prescribed  for 
him  in  the  book.  The  more  detailed  histological  relations  are  treated 
separately.  The  attempt  has  been  made,  while  not  overlooking  any  of 
the  more  important  facts  concerning  the  central  nervous  system,  to 
avoid  such  minute  details  as  should  be  left  for  special  research. 
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The  introduction  of  pathologico-anatomical  observations,  especially 
of  the  pathological  changes  in  the  elements,  will  prepare  the  road  for 
the  comprehension  of  the  processes  of  disease  in  the  central  nervous 
system  without  its  being  in  the  least  intended  to  work  out  an  exhaus- 
tive pathological  anatomy  of  these  organs. 

That  a special  value  has  been  attributed  to  numerous  and  good 
illustrations  has  been  already  mentioned.  In  the  choice  of  illustra- 
tions, which  have  been  throughout  executed  in  the  xylographic 
establishment  of  V.  Eder  of  Vienna  in  the  most  satisfactory  way  from 
original  drawings,  it  is  to  be  understood  that  a certain  restraint  had  to 
be  imposed  to  prevent  the  price  of  the  book  from  becoming  excessive. 
On  this  account,  especially  for  drawings  118  to  130,  the  question  had 
to  be  discussed  whether  the  preparations  chosen  should  be  stained  with 
carmine  or  according  to  Weigert’s  method.  When  I chose  the  former, 
I did  so  on  the  ground  that  I wished  the  illustrations  to  be  true  re- 
productions of  the  original  preparations.  Successful  Weigert’s-pre- 
parations  from  the  adult  are  hardly  to  be  made  sufficiently  instructive 
with  low  magnification ; whereas  preparations  from  the  embryo  were 
to  be  avoided  on  account  of  the  difficulty  which  the  student  would  find 
in  getting  the  material. 

I suppose  I need  not  point  out  that  the  presentation  of  the  material 
rests  throughout  upon  autoptic  observations  ; when  facts  are  stated  on 
the  ground  of  the  observations  of  other  authors,  this  is  in  every  case 
noted. 

The  usefulness  of  this  book  is  further  increased  by  the  addition  of 
an  index. 

HEINEICH  OBEESTEINEE. 


Vienna,  October  1887. 
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Nearly  four  years  ago  I submitted  the  following  work  to  the  public, 
in  the  hope  of  supplying  a want  which  I myself  had  felt  keenly  in 
dealing  with  my  own  pupils. 

Since  then  the  book  has  been  in  constant  use  in  my  laboratory  ; and 
I have  thus  had  ample  opportunity  of  ascertaining  how  far  it  has 
answered,  how  far  fallen  short  of  its  purpose.  I feel  myself  a debtor 
to  every  pupil  who  has  drawn  my  attention  to  omissions,  to  defects  or 
obscurities  of  treatment.  And,  on  the  other  hand,  from  the  criticisms 
it  has  provoked  in  various  quarters,  I have  gathered  many  valuable 
hints  for  possible  alterations.  As  these  criticisms  (with  few  excep- 
tions) were  animated  by  no  fault-finding  spirit,  but  expressed  the 
mature  opinion  of  kindly  and  competent  labourers  in  the  same  field, 
I gladly  acknowledge  my  debt  to  them  also,  and,  in  preparing  the 
second  edition  of  this  work,  have  given  them  the  consideration  they 
deserve  ....  In  this  connection  I desire  to  refer  particularly  to  the 
English  translation  by  Dr  Alex  Hill  of  Cambridge,  which  appeared 
last  year,  and  to  which  I owe  a number  of  valuable  supplementary 
data. 

I avail  myself  of  this  opportunity  to  tender  my  sincere  thanks  to 
Dr  Alex  Hill  of  Cambridge,  who  has  translated  it  into  English,  and  to 
Dr  K.  Adclhcim  of  Moscow,  who  has  translated  it  into  Russian.  I 
also  offer  my  sincere  thanks  to  Professor  Kosclmonikoff,  for  his  kind 
introduction  to  the  Russian  edition. 

The  differences  between  this  and  the  first  edition  are  mainly  differ- 
ences of  arrangement,  tending,  it  is  hoped,  to  make  the  contents  more 
readily  available  for  the  use  of  students.  Special  attention  has  been 
paid  to  the  letterpress  accompanying  each  illustration.  In  every  case 
the  figure  and  description  can  now  be  compared  without  turning  a 
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page.  All  references  to  other  illustrations  have  been  cut  out,  so  that 
each  figure,  with  its  accompanying  description,  is  complete  in  itself. 
Finally,  for  convenience  sake,  I have  arranged  the  nomenclature  of 
the  larger  plates  in  alphabetical  order. 

Although  the  general  plan  of  the  work  remains  the  same,  the  text 
has  been  carefully  and  thoroughly  revised  and  much  new  matter  added. 
Important  investigations  undertaken  since  the  publication  of  the 
first  edition  have  been  noted  wherever  it  was  possible,  and  many  details 
have  been  modified  in  conformity  with  the  results  of  my  own  experience. 
I would  remind  the  reader  that  I have  striven,  as  far  as  in  me  lay,  to 
verify  personally  the  views  which  I here  advance,  and  that  where  I 
have  been  forced  to  depend  solely  on  the  statements  of  other  writers 
I have  expressly  acknowledged  the  obligation. 

The  chapter  on  Methods  of  Investigation  has  been  entirely  recast 
and  greatly  amplified.  The  portion  which  treats  of  the  determination 
of  the  weight  of  the  brain  is  new.  The  historical  and  comparative 
methods  have  been  discussed  more  fully  throughout,  and  I have 
endeavoured  to  further  the  understanding  of  anatomical  structure  by 
reference  to  physiology. 

The  treatment  of  pathological  anatomy  demands  a more  detailed 
explanation.  As  I observed  in  the  preface  to  the  first  edition,  I could 
only  touch  lightly  upon  the  morbid  changes  of  the  central  nervous 
organs,  since  the  subject  would  yield  material  for  another  large  volume. 
Yet  some  acquaintance  with  them  has  become  so  indispensable  to  the 
study  and  comprehension  of  the  normal  structure  that  they  could  not 
be  passed  over  without  notice. 

I believe  that  a sufficiently  clear  and  detailed  view  hits  been  given 
of  the  changes  of  the  histological  elements  in  disease ; and  the 
pathological  anatomy  of  the  several  parts  has  been  more  fully 
discussed  (as  far  as  space  permitted)  than  in  the  first  edition.  Thus, 
nine  pages  have  been  devoted  to  the  pathological  anatomy  of  the  spinal 
cord. 

Keferences  to  the  literature  of  the  subject  seemed  a most  desirable 
addition.  Here  the  abundance  of  material  forbade  any  attempt  at  an 
exhaustive  catalogue,  and  I have  been  obliged  to  name  only  the  most 
important  works  of  older  date,  and  to  include  hardly  any  modern 
works  except  such  as  are  mentioned  in  the  text.  With  these  for  a 
starting-point,  however,  the  student  should  be  able  to  find  out  for  him- 
self the  works  which  bear  upon  any  special  branch  of  inquiry. 
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Some  of  the  old  illustrations  have  been  superseded  by  better  ones, 
and  fresh  illustrations  have  been  added.  I desire  to  call  attention  to 
fig.  102  (the  only  one  which  I did  not  draw  myself),  for  which  1 have 
to  thank  the  skilful  pencil  of  one  of  my  pupils,  Herr  A.  Darvas,  and 
to  figs.  151-154.  The  preparations  depicted  in  them  are  treated  by  the 
method  of  medullary-sheath  staining.  They  seem  to  me  to  answer 
their  purpose  better  than  preparations  stained  in  carmine. 

The  fact  that  these  alterations  have  increased  the  bulk  of  the  volume 
by  more  than  a hundred  pages  is  one  upon  which  I do  not  congratulate 
myself  ; for  the  more  such  a work  can  be  condensed,  without  losing  in 
clearness  and  completeness,  the  better  will  it  serve  its  purpose.  Never- 
theless, I feel  the  absolute  necessity  of  these  additions,  to  enhance  its 
practical  value  and  to  bring  it  one  step,  at  least,  nearer  to  the  goal  I have 
set  before  me. 

I can  only  hope  that  in  its  new  form  it  may  meet  as  friendly  a 
welcome  as  greeted  its  first  appearance. 


Vienna,  July  1891. 
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The  transformation  effected  during  the  past  four  years  in  the 
scientific  view  of  the  building  up  of  the  nervous  system  has  been  so 
extraordinary,  the  conceptions  which  lie  at  the  base  of  our  ideas  on  the 
subject  of  the  nervous  organs  have  undergone  so  radical  a change,  as  to 
call  for  a complete  remodelling  of  the  present  work.  The  general  plan 
remains  the  same,  but  the  whole  has  been  carefully  and  thoroughly 
revised,  and  in  many  places  no  stone  of  the  original  structure  remains 
upon  another. 

Though  feeling  it  essential  to  take  note  (as  far  as  possible)  of  the 
bewildering  wealth  of  fresh  information  which  has  been  brought  to 
light  with  almost  incredible  rapidity  of  late,  I have  striven  to  avoid 
increasing  the  bulk  of  this  work  to  any  considerable  extent,  lest  its 
length  should  detract  from  its  usefulness  as  a text-book.  It  never- 
theless exceeds  its  former  limits  by  about  three-and-a-half  sheets.  I 
have  been  largely  guided  by  didactic  considerations  in  the  revision,  and 
have  gladly  availed  myself  of  the  experience  gained  from  the  use  of  the 
book  among  my  own  pupils. 

A number  of  fresh  illustrations  have  been  added  ; many  of  them  in 
place  of  less  satisfactory  figures  in  the  former  editions. 

Translations  into  French  and  Italian  have  appeared,  in  addition  to 
those  into  Eussian  and  English.  I take  this  opportunity  to  convey  my 
sincere  thanks  to  Dr  Couroenne  and  Dr  Pcrsoncili  for  the  great  pains 
they  have  bestowed  on  these  translations. 

I am  also  indebted,  in  no  common  degree,  to  Dr  E.  Redlicli  of 
Vienna,  Privatdocent,  for  his  assistance  and  indefatigable  industry  in 
correcting  the  proof-sheets,  and  for  many  valuable  hints  and  counsels. 

And  I beg  hereby  to  offer  my  heart-felt  thanks  to  the  many  others 
who  have  kindly  helped  in  the  work. 


Vienna,  November  1895. 
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INTRODUCTION. 


An  investigation  of  the  complicated  characters  which  distinguish  the  fine 
structure  of  the  brain  and  spinal  cord  is  impossible  without  a previous 
acquaintance  with  the  more  obvious  features  of  their  external  configura- 
tion. Details  of  fine  structure  are  often  difficult  to  grasp,  and  their 
comprehension  is  facilitated  by  filling  them  into  a mental  outline  of  the 
organ  to  which  they  belong.  Therefore,  as  soon  as  the  first  section 
(devoted  to  methods  of  study  most  in  vogue)  is  disposed  of,  we  shall 
give  an  account  of  the  more  obvious  microscopical  features  of  the 
cerebro-spinal  axis,  especially  its  external  mouldings,  and  of  such  details 
presented  by  cross-sections  through  the  brain  at  various  levels  as  can 
be  recognised  without  further  preparation  (second  section — morphology). 

Before  commencing  the  microscopical  investigation  of  the  central  nervous 
system  by  means  of  transparent  sections,  acquaintance  must  be  made  with 
the  characters  of  the  histological  elements  of  which  it  is  made  up.  In 
the  third  section  an  accouut  is  given  of  the  more  important  nervous 
and  non-nervous  constituents  of  the  system  in  health,  and  also  of  the 
changes  to  which  they  are  subject  in  disease. 

Next,  the  spinal  cord  is  described  as  being  relatively  the  simplest  part 
of  the  central  nervous  organs  (fourth  section). 

After  this,  we  suppose  (fifth  section)  that  a member  of  cross-sections, 
not  constituting  an  unbroken  series,  but  useful  for  microscopical  investi- 
gation, are  made  through  the  spinal  cord  and  brain.  During  the  prepara- 
tion of  such  sections  and  their  preliminary  examination  with  an  ordinary 
magnifying-glass,  one  becomes  acquainted  with  many  facts  concerning  their 
organisation,  especially  as  one  traces  from  section  to  section  the  changes 
in  topographical  distribution  which  their  constituents  undergo.  The  same 
routine  must  be  followed  by  any  one  who  investigates  a series  of  sections 
which  he  has  not  cut  for  himself.  He  ought  first  to  make  a general  survey 
•of  his  preparations  with  a magnifying-glass,  and  try  to  obtain  a stereo- 
scopic picture  of  their  more  important  features. 

This  done,  we  shall  attempt,  on  the  ground-work  of  knowledge  thus 
obtained,  to  follow  individual  bundles,  trace  their  divisions  and  connec- 
tions, and  determine  their  end-points.  This  is  the  object  of  the  sixth 
section,  which  treats  first  of  the  fibre-routes  in  the  spinal  cord,  and  then 
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of  the  cranial  nerves.  Their  finer  relations  are  rendered  intelligible  by  a 
study  of  the  structure  of  the  cerebellum  and  cerebrum. 

The  concluding  section  (the  seventh)  is  devoted  to  the  meninges  of 
the  central  nervous  system,  which  stand  in  such  close  anatomical  and 
physiological  relation  to  the  brain  and  cord  as  to  deserve  a special 
description. 

In  the  following  list  will  be  found  the  most  important  books  which 
treat  of  the  whole  or  at  least  of  a large  part  of  the  subject,  with  the 
exception  of  the  oldest  works  on  the  anatomy  of  the  brain  : — 

Vicq  cl’Azyr,  Traite  de  l’anatomie.  1786-1790.  SommeHng,  Vorn 
Hirn  uud  Rfickcnmarke.  1788.  Sommering,  Hirnlehre  uud  Nervenlelire. 
1791.  Bell,  Ch.,  The  Anatomy  of  the  Brain.  1802.  Gall  and  Spurzheim, 
Anatomic  et  physiologie  du  systeme  nerveux.  4 vols.  and  Atlas.  1810— 
1820.  Burdach,  Vom  Bau  und  Leben  des  Gehirns.  3 vols.  1819-1826. 
Arnold,  Fr.,  Bemerkungen  fiber  den  Bau  des  Hirns  und  Rfickenmarks. 
1838.  Rolando,  Saggio  sopra  la  vera  struttura  del  cervello.  3rd  Ed. 
1838.  Leuret  and  Gratiolet,  Anatomie  com  par ee  du  systeme  nerveux. 
2 vols.  and  Atlas.  1839-1857.  Foville,  M.,  Traite  complet  de  l’anatomie, 
de  la  physiologie  et  de  la  pathologie  du  systeme  nerveux  cerebrospinal. 
I.  1844.  Todd,  The  Anatomy  of  the  Brain.  1845.  Stilling,  B.,  Ucber 
den  Bau  des  Hirnkuotens.  1846.  Solly,  S.,  The  Human  Brain.  1847. 
Longet,  Anatomie  und  Physiologie  des  Nervensystems  (German  trans. 
by  Hein).  2 vols.  1847-1849.  Reichert,  Der  Bau  des  menschlichen 
Gehirns.  1855-1861.  Lockhart  Clarke,  Researches  on  the  Intimate  Struc- 
ture of  the  Brain.  Philos.  Transact.,  1858-1869.  Deiters,  Uutersuchungen 
fiber  Gchirn  und  Rfickenmark.  1865.  Buys,  J Rccherches  sur  le 
systeme  nerveux  cerebrospinal.  1865.  Meynert,  Th.,  Vom  Gehirn  der 
Saugethiere  (Strieker’s  Lehrbuch  von  den  Geweben).  1872.  Huguenin, 
Allgemeine  Pathologie  der  Krankheiten  des  Nervensystems.  1.  1873. 

FlechAg,  P.,  Die  Leitungsbahnen  im  Gehirn  und  Riickenmarke  des  Men- 
schen.  1876.  Duval,  Rccli.  sur  Porigine  reelle  des  nerfs  craniens. 
Journ.  de  l’Auat.  et  de  la  Phys.  von  Robin,  1876-1878.  Henle,  Hand- 
bucli  der  Nervenlelire.  2nd  Ed.  1879.  Wernicke,  Lehrbuch  der  Gehirn- 
krankheiten.  1881.  Schioalhe,  Lehrbuch  der  Neurologie  (Hoffmann’s 
Anatomic).  1881.  Tencliini,  Eucefalo  uinauo.  1883.  Flechsig,  T., 
Plan  des  menschlichen  Gehirns.  1883.  Meynert,  Th.,  Psychiatric. 
1884.  Raymond,  Anatomie  pathologique  du  systeme  nerveux.  1886. 
Fere,  Cli.,  Traite  elementaire  d’anatomie  medical  du  systeme  nerveux. 
1886.  Mendel,  Artikel  “Gehirn”  in  Eulenburg’s  Encyklopadie.  2nd 
Ed.  1886.  Ranney,  A.,  The  Applied  Anatomy  of  the  Nervous  System. 
1888.  Kahler,  0.,  Die  nervoseu  Centralorgane  in  “Toldt’s  Gewebelehre.” 
3rd  Ed.  1888.  Mingazzini,  Manuale  di  anatomia  degli  organi  nervosi 
centrali  dell’uomo.  1889.  Gudden,  B.  v.,  Gesammelte  hiuterlassene 
Abhandlungen.  Wiesbaden,  1889.  Whitaker,  J.,  Anatomy  of  the  Brain 
and  Spinal  Cord.  2nd  Ed.  1892.  Bruce,  Illustrations  of  the  Mid  and 
Hind  Brain.  Edinburgh,  1892.  Scervini,  P.,  Anatomia  dci  centri  nervosi. 
Napoli,  1 892.  Van  Qehvchten,  Le  systeme  nerveux  de  l’homme.  Liorre, 
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1893.  Edinger,  Yorlesungen  iiber  den  Bau  der  nervosen  Gentralorgane, 
4th  Ed.  Leipzig,  1893.  Brissaud,  E.,  Anatomie  du  cerveau  de  l’homme. 
Paris,  1893.  Golgi,  Untersuchungen  iiber  den  feineren  Bau  des  ceutralcn 
und  peripheren  Nervensystems.  Jena,  1894.  Ramon  y Cajal,  Neuc 
Darstellung  vom  histologischen  Bau  des  Centralnervensystems,  Arch.  f. 
Anat.  und  Phys.,  1893.  Kolliker,  A.,  Handbuch  der  Gewebelehre.  6th 
Ed.,  II.  1893  and  1894.  Rauber,  Nervcnlehre.  4th  Ed.  Leipzig,  1894. 
Debierre,  La  moelle  epiniere  et  l’enccphale.  Paris,  1894.  Bechtereiv,  Die 
Leitungsbahnen  im  Gehirn  und  Riickenmark.  Leipzig,  1894.  Poirier, 

Traite  d’anatomie  humaine.  III.  Paris,  1894.  Cramer,  A.,  Beitriige  zur 
feineren  Anatomic  der  Medulla  Oblongata.  Jena,  1894.  P.  Martin  in 
Frank,  Anatomie  der  Hausthiere.  3rd  Ed.  Stuttgart,  1894.  Dejerine, 
J.,  and  Dejerine- K lumplce,  Anatomie  des  centres  nerveux.  I.  Paris,  1895. 
Lenhossek,  Der  feinere  Bau  des  Nervensystems.  2nd  Ed.  Berlin,  1895. 
Ramon  y Cajal,  Les  nouvelles  idees  sur  la  structure  du  systeme  nerveux. 
Paris,  1895. 


SECTION  I.— METHODS. 


The  anatomical  study  of  the  central  nervous  system  is  fraught  with 
difficulties  such  as  are  never  met  with  in  investigating  other  organs. 
The  account  of  the  structure  of  the  brain  and  spinal  cord  about  to  be 
given,  which  goes  somewhat  further  than  the  mere  outlines  of  the  subject, 
is  based  upon  the  most  recent  results  of  research  in  this  field. 

The  causes  of  the  difficulty  are  not  far  to  seek.  It  might  be  antici- 
pated that  the  structure  of  the  organ  to  which  the  most  various  and 
complicated,  and  at  the  same  time  highest  and  noblest,  functions  are 
allotted,  would  obviously  correspond  in  complexity  to  its  work.  It  is  also 
to  be  understood  that  this  organ  of  relatively  small  size  but  complicated 
structure,  made  up  as  it  is  of  minute  nerve  tracts  and  other  parts,  and 
composed  of  a delicate,  soft,  and  destructible  tissue,  will  hardly  admit  of 
investigation  by  the  ordinary  anatomical  methods. 

Such  reflections  alone  suffice  to  account  for  the  fact,  that  only  since 
the  introduction  of  special  methods  has  this  “ book  sealed  with  seven 
seals  ” been  opened  and  its  characters  so  difficult  to  read  been  forced  to 
yield  their  meaning. 

The  methods  in  use  up  to  the  present,  most  of  which  are  required  for 
the  investigation  of  the  varying  situation  and  connections  of  the  elements 
rather  than  their  structure,  although  very  different  in  principle,  yet 
support  and  complete  one  another. 

Excluding  simple  anatomical  inspection,  we  can  arrange  our  methods 
in  five  groups,  as  follows  : — 

1.  The  teasing  out  of  the  fibres  of  a properly-prepared  central  nervous 
system. 

2.  The  preparation  of  an  uninterrupted  series  of  sections  through  the 
normal  fully  developed  organ. 

3.  The  study  of  organs,  the  several  parts  of  which  either  develop 
at  different  periods,  or  else  have  sustained  retrogressive  metamorphosis. 

4.  The  comparison  of  homologous  parts  of  the  central  nervous  system 
in  different  animals. 

5.  The  experimental  observation  of  action,  from  which  structure 
may  be  inferred,  or  the  study  of  localised  disease  of  the  central  nervous 
system  associated  with  functional  anomalies. 

Other  methods  of  more  limited  application,  but  none  the  less  valuable 
on  this  account,  will  be  detailed  in  their  proper  places. 
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I.  DEFIBERING. 

Since  the  central  nervous  system  when  fresh  presents  a consistence 
which  precludes  the  separation  of  fibres,  it  must,  if  this  method  is  to 
be  used,  be  subject  to  a preparation  which,  while  hardening  the  bundles  of 
fibres,  softens  the  connective  tissue  binding  them  together.  Such  a result 
has  not  hitherto  been  satisfactorily  obtained. 

Simple  hardening  in  alcohol  to  which  saltpetre  or  hydrochloric  acid 
(used  by  Rnysch  and  Vicq  d’Azyr)  or  potash  (Reil)  is  added  has  been 
known  for  a long  time.  Hardening  in  chromates  with  subsequent 
hardening  in  alcohol  is  better.  External  configuration  is  best  studied 
after  hardening  in  bichromate  of  potassium  and  subsequently  in  alcohol. 
J.  Stilling  places  pieces  of  brain  in  Muller’s  fluid  (see  p.  8),  dehydrates 
in  spirit,  and  then  leaves  them  in  absolute  alcohol  until  they  attain  a firm 
consistence.  After  this  they  are  macerated  in  artificial  wood-vinegar 
(200  grms.  acetic  acid,  800  grms.  water,  20  drops  of  creosote).  In  this 
they  remain,  as  a rule,  for  several  weeks  (it  is  impossible,  however,  to  fix 
the  time,  for  it  can  only  be  determined  by  experience) ; if  the  preparations 
become  too  soft  they  are  placed  for  several  days  in  crude  wood-vinegar. 
We  can  with  the  help  of  forceps  separate  certain  tracts  of  fibres  in  such 
pieces  of  brain  and  preserve  them  in  Canada  balsam,  after  treatment,  in  a 
watch-glass,  with  oil  of  cloves. 

In  all  well-hardened  spirit  and  chromic  preparations,  every  artificial 
break  in  the  white  matter,  and  for  the  most  part  also  in  the  grey  masses 
of  the  brain,  shows  the  course  of  fibres  more  or  less  distinctly. 

It  must,  however,  be  understood  that  all  methods  of  defibering, 
especially  when  the  preparation  contains  fibres  crossing  one  another 
in  different  directions,  are  apt  to  yield  misleading  results. 


2.  THE  PREPARATION  OF  SECTION-SERIES. 

To  Stilling  belongs  the  merit  of  having  introduced  this  most  useful 
method  into  brain-anatomy. 

If  we  imagine  a piece  of  brain  cut  into  such  a series  of  sections  as 
would,  if  put  together  again,  completely  reproduce  the  original  structure, 
we  shall  see  that  it  ought  to  be  possible,  were  it  not  for  special  difficulties 
which  present  themselves,  to  follow  any  transversely  cut  band  of  fibres 
through  the  whole  length  of  the  series.  Although  this  ideal  is  not  always 
attainable,  it  is  only  since  the  introduction  of  this  method  of  making  con- 
tinuous series  of  sections  that  notable  progress  in  the  anatomy  of  the  brain 
has  been  made.  Further  histological  methods  can  be  applied  to  any  of  the 
sections.  But  even  by  this  method  it  is  possible  to  arrive  at  very 
erroneous  conclusions. 

The  reconstruction  of  an  organ  from  the  observation  of  a series  of 
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transparent  sections  presents  no  little  difficulty,  and  the  conception  of 
structure  which  we  gain  by  this  method  needs  to  be  checked  by  seeing 
the  object  itself  as  exposed  by  dissection. 

When  such  a series  is  to  be  made,  the  central  nervous  system  must 
first  be  hardened. 

Attempts  to  freeze  the  tissue  and  cut  it  when  fresh  have  not  been 
successful,  for  the  natural  brain-substance  suffers  too  much  in  the  pro- 
cess, and  the  preparations  thus  obtained  are  unsatisfactory.  The  freezing 
method  is,  however,  useful  for  tumours.  We  are  obliged  to  have  recourse 
to  hardening  fluids,  and  amongst  them  solutions  of  chromic  salts  stand 
first,  and  are  to  be  preferred  to  simple  chromic  acid.  Bichromate  of 
potassium  is  most  used.  Fresh  pieces  of  the  central  nervous  system  arc 
placed  in  as  large  .a  vessel  as  can  be  had,  filled  with  a 1 per  cent,  solution 
of  this  wilt.  The  fluid  is  repeatedly  changed  for  the  first  few  days,  and 
is  rendered  gradually  stronger,  until  it  is  brought  up  to  2 or  3 per  cent., 
at  which  strength  the  pieces  arc  left  until  they  arc  sufficiently  hard.  The 
time  needed  averages  six  to  eight  weeks,  but  depends  on  various  circum- 
stances, on  the  temperature  of  the  room  for  example  (it  requires  less  time 
in  summer  than  in  winter) ; small  pieces,  too,  take  a shorter  time  than 
large  ones.  In  an  incubator,  in  which  the  temperature  is  maintained 
at  from  35°  to  40°  C.,  it  is  possible  to  harden  the  tissue  sufficiently  for 
cutting  in  from  eight  days  to  a fortnight.  The  hardening  is  hastened 
by  adding  to  the  bichromate  of  potassium  a little  free  chromic  acid  (20 
or  30  drops  of  a 1 per  cent,  solution  of  chromic  acid  to  500  grms.  of 
the  bichromate  solution).  Under  the  influence  of  a constant  current  of 
electricity,  emanating  from  the  positive  pole,  the  hardening  is  said  to 
proceed  with  extreme  rapidity,  sections  of  the  spinal  cord  being  ready  in 
four  or  five  days  ( Minot •).  Treatment  with  chrome-salts  should  be  carried 
out  in  the  dark.  The  time  required  depends  upon  the  particular  part  of 
the  central  nervous  system  under  treatment.  The  hardening  of  spinal 
cord  in  chrome-salts  requires  especial  care. 

After  the  preparations  are  ready  for  cutting,  they  can  still  remain  for 
some  months  in  the  chromic  solution  without  injury ; if  they  are  to  be 
preserved  still  longer,  and  if  the  use  of  alcohol  is  to  be  avoided,  they 
must  be  transferred  to  a weak  solution  (0'5  per  cent.)  of  the  salt,  in 
which  they  can  be  kept  for  years.  The  formation  of  mould  is  no  sign 
that  the  preparations  are  spoilt.  The  addition  of  a little  carbolic  acid 
does  not  prevent  the  formation  of  fungi,  but  checks  their  growth. 

Even  though  the  pieces  are  thoroughly  hardened  in  chrome-salts  they 
can  still  bear  the  subsequent  hardening  in  alcohol.  This  is  accomplished 
usually  by  washing  them  out  first  for  several  days  in  water  [it  is  not,  as 
a rule,  however,  advisable  to  place  them  directly  in  water,  but  to  transfer 
them  from  the  solution  of  chromates  to  25  or  30  per  cent,  spirit,  which 
is  changed  every  day  until  the  liquor  drawn  off  is  almost  colourless],  and 
then  for  a like  time  in  50  per  cent,  alcohol,  after  which  they  arc  trans- 
ferred to  strong  (95  per  cent,  or,  in  some  cases,  absolute)  alcohol.  To 
prevent  precipitation  it  is  recommended  that  the  vessels  should  be  kept 
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in  the  dark  (II.  Virchow).  A long  maceration  in  alcohol  renders  such 
preparations  easier  to  cut,  but  destroys  certain  details  of  structure. 
Owing  to  a partial  solution  of  the  myelin  by  the  alcohol,  various  spots, 
spaces,  and  so  forth,  often  very  troublesome,  are  artificially  produced.  If 
we  desire  to  stain  the  myelin-sheath,  the  dehydration  by  absolute  alcohol 
must  be  omitted.  The  preparations  in  this  case  are  only  washed  in  water, 
and  are  placed  at  once  in  a 95  per  cent,  solution  of  alcohol,  which  should 
be  frequently  changed.  Since  the  introduction  of  the  method  of  embed- 
ding in  celloidin,  this  last  hardening  process  has  been  the  one  most 
commonly  used.  The  use  of  alcohol  from  the  commencement  of  harden- 
ing is  to  be  avoided,  except  in  certain  cases  in  which  one  wishes  to 
study  details  in  the  structure  of  nerve-cells  ( Nissl , p.  16).  Tumours, 
however,  may  be  hardened  in  alcohol  from  the  beginning.  Where  the 
existence  of  bacteria  has  to  be  proved,  it  is  generally  necessary  to  avoid 
the  use  of  chrome-salts. 

Muller's  fluid  consists  of  10  parts  bichromate  of  potassium,  5 parts 
sulphate  of  soda,  and  500  parts  water.  Many  prefer  it  (and  with 
reason)  to  the  simple  solution  of  bichromate  of  potassium.  Bichromate 
of  ammonia  (which  is  apt  to  make  the  preparation  too  hard),  though 
repeatedly  recommended,  can  well  be  dispensed  with. 

Erlitzky’s  fluid  is  made  by  mixing  5 parts  bichromate  of  potassium, 
1 part  sulphate  of  copper,  200  parts  water.  It  hardens  more  quickly  than 
Muller's  fluid,  but  sometimes  produces  dark  precipitates  in  the  prepara- 
tion, which  have  already  led  to  mistakes.  Pieces  of  brain  can  generally 
be  hardened  in  formalin  (1  part  of  ordinary  40  per  cent,  formaldehyde 
to  10  of  water)  without  detriment  to  the  use  of  staining  agents  afterwards. 

With  some  practice  one  can  tell  by  touching,  or  gently  pressing,  a 
preparation,  whether  it  has  reached  the  proper  consistence  for  cutting ; 
the  safest  thing  to  do  is  to  try  it  with  the  razor.  In  the  case  of  large 
pieces  of  tissue  especially,  it  is  advisable  to  harden  for  some  days  pre- 
viously in  formalin.  For  this  purpose  ordinary  formalin  should  be 
diluted  with  from  ten  to  forty  times  its  own  amount  of  water  (4-1  per 
cent,  solution  of  formalin).  It  may  comfort  inexperienced  persons  to 
know  that  it  sometimes  happens  that  the  preparation  proves  to  be  unfit 
to  cut,  although  one  cannot  account  for  this  mishap. 

When  it  is  desired  to  prepare  very  small  pieces  of  brain  or  cord  for 
cutting  in  a condition  in  which  the  most  minute  details  of  structure,  as 
for  example  the  nuclear  figures,  may  be  visible,  it  is  necessary  to  bike  the 
pieces  quite  fresh  from  the  living  or  recently-killed  animal,  and  treat 
them  with  one  of  the  so-called  fixing  media.  Fol’s  modification  of 
Flemming’s  fluid  is  the  best  of  all  the  fixing  media  yet  proposed;  it 
consists  of — 

1 per  cent,  solution  of  perosmic  acid, . 

1 n „ chromic  acid,  . 

2 „ „ acetic  acid, 

Water,  ...••• 


2 parts  by  vol. 
25 
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It  does  not  do  to  be  economical  with  this  fluid.  It  should  he  changed  as 
soon  as  it  appears  cloudy.  After  some  hours  (even  up  to  twenty-four  or 
more)  the  preparation  is  carefully  washed  until  all  traces  of  the  hardening 
fluid  are  removed,  and  then  preserved  in  80  per  cent,  alcohol. 

The  preparation  of  sections,  which  need  often  to  be  of  very  large  size,  used 
to  require  a skilful  steady  hand  and  long  practice ; but  the  difficulties  are 
now  very  much  reduced  by  the  introduction  of  the  microtome.  In  many 
cases  that  designed  by  von  Gndden,  and  made  by  Katsch  of  Munich,  will  be 
found  the  most  satisfactory.  By  it  sections  can  be  cut  under  water ; as  of 
the  cortex  cerebrum,  for  example,  when  the  nerve-cells  are  to  be  made 
clearly  distinguishable. 

At  the  present  time,  and  especially  since  a decided  preference  has  arisen 
for  making  sections  only  of  such  pieces  as  have  first  been  soaked  in  celloidin 
or  photoxylin  ( vide  infra),  the  sledge-microtomes  have  come  into  more 
general  use.  In  these  the  knife,  fixed  to  a so-called  sledge,  whicli  runs  on 
rails,  is  passed  across  the  preparation,  the  latter  being  lifted  after  each  cut 
through  a space  corresponding  to  the  required  thickness  of  the  section,  by 
a mechanical  device  which  forms  part  of  the  apparatus ; knife  and  prepara- 
tion alike  being  kept  moist  with  alcohol  dropped  from  a wash-bottle.  We 
especially  recommend  the  sledge-microtome  of  Reichert  of  Vienna,  with  its 
automatic  arrangement  for  lifting  the  sections.  Weigert’s  modification  of 
the  ‘diving-microtome’  of  Schanze  of  Leipsic  is  admirably  adapted  for 
large  preparations,  as  is  also  that  made  by  Reichert  from  Pal’s  design,  with 
its  circular  movement  of  the  knife.  These  make  it  possible  to  cut  sections 
under  alcohol,  although  this  is  unnecessary  when  the  preparations  are  of 
good  consistency  and  moderate  size.  When  the  section  is  large  or  perishable 
it  is  best  to  catch  it  up  from  the  knife  with  a piece  of  filter-paper.  The  paper 
should  be  doubled  over  it,  so  as  to  cover  both  sides,  and  each  envelope 
marked  with  a number.  A large  number  of  sections  can  thus  be  kept  in 
the  same  jar  without  fear  of  confusion.  If  the  celloidin-soaked  preparations 
show  a tendency  to  tear  in  the  cutting,  the  danger  may  be  averted  by 
painting  the  surface  exposed  by  each  cut  with  collodion  or  a thin  solution 
of  celloidin,  and  letting  it  harden  (which  it  does  in  from  one  to  two  minutes) 
before  cutting  the  next  section. 

[For  general  laboratory  purposes  the  most  convenient  form  of  microtome 
is  undoubtedly  one  which  allows  the  tissue  to  be  cut  frozen.  In  some  cases 
a piece  of  tissue  can  be  frozen,  cut,  stained,  and  mounted  in  glycerin  and 
water  for  hasty  examination  in  the  post-mortem  room.  If  the  tissue  has 
been  hardened  in  spirit  it  is  necessary  to  throw  a piece  of  suitable  size  and 
shape  into  water  until  all  spirit  is  removed.  This  takes,  as  a rule,  about 
an  hour ; but  if  the  piece  sinks  (as  does  not  usually  occur  with  nervous 
tissue)  this  may  be  accepted  as  a sign  that  most  of  the  spirit  has  diffused 
out  into  the  water.  It  is  then  dipped  in  gum  and  placed  on  the  freezing- 
plate  of  the  microtome.  If  ether  is  used  as  a freezing  agent  a few  minutes 
only  arc  required  to  bring  the  tissue  into  a suitable  condition  of  hardness, 
which  means,  for  somo  tissues,  the  most  complete  freezing  possible,  for 
others,  a condition  of  partial  thaw.  Nervous  tissue,  when  frozen  hard,  is, 
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iis  a rule,  too  brittle  to  cut.  The  surface  may  be  partially  thawed  by 
touching  it  with  a wet  camel’s-hair  brush.  No  microtome  is  more  suitable 
for  cutting  frozen  nervous  tissue  than  Roy’s ; the  extremely  oblique  position 
of  the  razor  and  the  circular  movement  enable  one  to  avoid  breaking  the 
section  transversely,  as  is  very  apt  to  happen  when  a knife  is  driven  straight 
forwards  through  the  extremely  friable  frozen  nervous  tissue.  The  sections  are 
lifted  from  the  razor  into  salt  solution  with  a large  wet  camel’s-hair  brush.] 

Properly  hardened  tissues  can  be  embedded  for  cutting  with  the  sledge- 
microtome  in  pasteboard  or  metal  boxes  filled  with  wax  and  oil,  or,  if  they 
are  of  no  great  depth,  they  may  even  be  stuck  on  a piece  of  cork.  If  they 
arc  to  be  cut  on  cork  they  must  be  placed  with  the  cork  in  a thick  solution 
of  gum,  out  of  which  both  are  lifted  together  into  absolute  alcohol  in  which 
they  remain  for  twenty-four  hours.  Better  still  is  the  treatment  with  a 
thick  solution  of  celloidin,  which  I give  in  detail  below,  as  gum  is  apt  to 
become  so  hard  as  to  injure  the  knife. 

To  insure  the  uniform  thickness  of  the  sections,  it  is  almost  always 
necessary  to  have  recourse  to  the  method  of  embedding,  or  (more  strictly 
speaking)  soaking  the  preparations  in  celloidin  or  pliotoxylin.  The  solution 
for  this  purpose  is  made  by  putting  small  pieces  of  celloidin  into  a mixture 
of  equal  parts  of  sulphuric  ether  and  absolute  alcohol.  The  amount  of 
celloidin  must  be  determined  by  the  required  thickness  of  the  solution.  As 
celloidin  dissolves  very  slowly  (especially  after  it  has  once  hardened)  it  is 
often  better  to  use  pliotoxylin,  which  is  entirely  dissolved  after  a few 
minutes  in  the  same  mixture. 

The  preparation  must  first  be  completely  dehydrated  in  absolute  alcohol 
(pieces  of  spinal  cord  about  1 centimeter  thick,  taken  out  of  a watery 
solution,  are  placed  for  two  or  three  days  in  common  alcohol,  and  then  for 
the  same  length  of  time  in  absolute  alcohol ; larger  pieces  require  a corre- 
spondingly longer  time).  They  are  then  put  into  a very  thin  solution  of 
celloidin.  In  this  they  remain  for  a variable  time  according  to  thickness 
(three  or  four  days  for  pieces  of  the  size  mentioned).  Next  they  are  trans- 
ferred to  a syrupy  solution  of  celloidin,  in  which  they  remain  a few  days  at 
least.  After  this  a piece,  now  thoroughly  saturated,  is  lifted  with  the 
adhering  celloidin  on  to  a cork  or  wooden  block,  to  which  it  is  made  fast 
in  the  following  manner.  Its  upper  surface  is  painted  freely  with  the  thick 
celloidin  or  photoxylin  solution,  and  exposed  to  the  air  for  a while  to  dry. 
The  preparation — its  under  surface  being  made  as  smooth  as  possible — is 
then  laid  on  the  cork  and  again  coated  with  the  solution  to  make  it  stick 
more  firmly.  It  is  left  exposed  to  the  air  till  the  celloidin  is  almost  set, 
and  then  cork  and  preparation  together  are  placed  in  weak  alcohol  (70  or 
80  per  cent.).  This  is  made  by  mixing  the  common  95  per  cent,  alcohol 
with  water  in  the  proportion  of  about  10  to  12.  In  twenty-fom’  hours  the 
celloidin  will  have  hardened  and  be  ready  for  cutting,  but  pieces  stuck 
upon  cork  in  this  manner  can  safely  be  left  in  the  weak  alcohol  for  a longer 
period.  If  the  sections  cannot  all  be  cut  at  one  time,  it  is  well  to  protect 
the  cut  surface  with  a coating  of  celloidin  before  putting  cork  and  prepara- 
tion back  into  the  weak  alcohol. 
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If  the  preparation  has  not  a flat  nndersnrface,  or  is  of  ^ry  irregular 
shape,  the  difficulty  can  be  overcome  by  filling  in  with  solid  photoxybn,  a 
material  resembling  gun-cotton.  A solution  of  photoxylin  is  then  poured 
over  the  whole  thing,  the  dry  photoxylin  melts  and  unites  with  the  liquid 
to  form  a firm  homogeneous  mass,  which  serres  as  a sufficient  bed  and 
support  to  the  preparation. 

When  the  preparations  are  very  small,  or  hard  to  keep  in  position  on  the 
cork,  it  is  usual  to  freeze  the  celloidin  and  cut  out  a block  with  the  pre- 
paration in  the  middle  of  it.  This  can  easily  be  fixed  on  the  cork  at  any 
desired  angle. 

Photoxylin  in  solution  is  apt  to  alter  in  character,  probably  by  taking  up 
water  from  the  air,  and  often  to  an  extent  which  renders  it  quite  unfit  for 
use.  From  a liquid  flowing  with  more  or  less  difficulty,  it  turns  into  a 
gelatinous  substance  which  does  not  cling  to  the  fingers  when  touched. 
Nothing  can  be  done  with  a solution  in  this  state,  and  any  preparation  that 
happens  to  be  in  it  must  be  dehydrated  in  alcohol  and  put  into  fresh 
photoxylin.  The  spoilt  solution  should  lie  allowed  to  dry  up  completely 
by  exposure  to  the  air,  and  the  photoxylin  can  then  be  used  again. 

The  method  of  soaking  in  paraffin,  excellent  as  it  is  for  most  kinds  of 
tissue,  is,  on  the  whole,  less  suitable  for  the  central  nervous  system.  But 
there  are  not  a few  cases  in  which  it  is  indispensable,  as,  for  example,  in 
dealing  with  the  peripheral  nerves,  or  in  making  minute  and  extremely  thin 
sections.  It  cannot  therefore  be  passed  over  without  mention.  Of  this 
process,  as  of  others,  numerous  modifications  have  been  suggested ; the 
following  has  the  merit  of  simplicity. 

The  piece  of  tissue  is  first  completely  dehydrated  and  then  put  into  a 
bottle  of  xylol,  to  which  some  small  pieces  of  paraffin  are  added,  either 
immediately  or  next  day.  These  gradually  dissolve  in  the  xylol,  and  fresh 
pieces  arc  added  daily  till  the  preparation  is  saturated  with  a tolerably 
concentrated  solution  of  paraffin.  It  is  then  placed  in  melted  paraffin 
(melting  point  about  50  deg.)  for  a period  varying  according  to  size  from 
two  hours  to  twenty-four  hours.  When  the  paraffin  has  set  sufficiently 
hard  the  preparation  is  cut  out  with  a convenient  bed.  The  microtome 
razor,  set  well  obliquely,  and  not  moistened  with  alcohol,  is  then  passed 
rapidly  over  it.  The  sections  are  first  placed  in  xylol  to  dissolve  the 
paraffin,  and  then  transferred  to  carbol  xylol  and  dammar  varnish.  If  they 
have  yet  to  be  stained  they  are  transferred  from  the  xylol  to  alcohol  and 
then,  in  some  cases,  to  water  or  to  the  proposed  staining  fluid  ; but  it  is  often 
advisable  to  stain  the  preparation  whole  before  encasing  it  in  the  paraffin. 

It  is  absolutely  essential  to  the  cutting  of  satisfactory  sections  that  the 
preparation  should  be  immovable  in  its  bed,  of  whatever  substance  the 
latter  be  composed,  and  should  be  firmly  fixed  on  the  cork.  Nor  is  it 
possible  to  lay  too  much  stress  upon  the  quality  of  the  razor,  by  far  the 
most  important  consideration  in  a microtome. 

The  sections  are  lifted  from  the  razor  with  a soft  camel’s-hair  brush  or  a 
strip  of  paper,  and  are  generally  placed  in  a shallow  dish  of  weak  alcohol. 

The  preparation  of  an  uninterrupted  section-series  from  a small  piece  of 


12 


SECTION-SERIES  IN  CELLOIDIN. 


tissue  embedded  in  celloidin  is  much  simplified  by  the  following  method, 
recommended  by  Weigert.  One  or  more  glass-plates  of  suitable  size  are 
carefully  cleansed  and  covered  with  collodion  as  if  for  photography.  Next 
strips  of  tissue-paper  are  cut  a little  broader  than  the  sections  and  a little 
longer  than  the  glass-plate.  With  these  strips  the  sections  are  taken  off 
the  razor,  the  paper  being  held  taut,  lightly  laid  upon  the  section,  and 
drawn  off  horizontally  to  the  left.  Each  strip  carries  a single  row  of 
sections,  the  succeeding  one  being  always  received  on  the  right  side  of  the 
one  before  it.  It  is  important  to  keep  the  section  damp  during  the  cutting, 
and  until  it  is  transferred  to  the  glass-plate.  This  is  accomplished  by 
having  near  the  microtome  a shallow  dish  containing  a number  of  layers  of 
blotting-paper  soaked  in  80  per  cent,  alcohol,  with  a single  sheet  of  tissue- 
paper  on  the  top.  On  this  the  strips  are  laid  during  the  cutting  of  each 
section  and  kept  till  wanted,  the  sections  being  on  the  upper  surface  and 
the  paper  close  against  the  damp  bed.  If  the  glass-plates  are  of  proper 
width  two  such  rows  of  sections  can  be  transferred  to  each  by  laying  the 
strips,  sections  downwards,  on  the  now  dry  collodion  and  gently  pressing 
the  back  of  the  paper.  The  sections  adhere  to  the  collodion  and  the  paper 
can  be  gently  withdrawn.  All  superfluous  alcohol  being  now  removed 
without  the  sections  being  actually  dried,  a second  film  of  collodion  is 
quickly  poured  over  them.  As  soon  as  this  layer  is  dry  on  the  surface  the 
sections  can  be  numbered  with  methyl-blue  for  future  identification.  The 
glass-plate  is  now  either  set  aside  in  80  per  cent,  alcohol  or  at  once  (before 
it  is  thoroughly  dry)  transferred  to  the  staining  fluid, — to  the  ordinary 
hsematoxylin  solution,  for  example,  if  the  object  is  to  stain  the  medullary 
sheaths.  In  this,  especially  if  placed  in  an  incubator,  the  collodion  envelope 
soon  becomes  loose  on  the  glass  and  can  be  detached  easily.  The  further 
treatment  of  such  a collodion-series  is  the  same  as  I shall  presently  describe 
in  speaking  of  separate  sections  in  celloidin. 

One  of  the  main  defects  of  this  method  is  that  the  double  layer  of 
collodion  interferes  with  the  further  treatment,  and  more  particularly  with 
the  staining  of  the  sections.  To  avoid  this  drawback  we  can  make  use  of 
the  expedient  devised  by  Obregia,  which  has  the  further  recommendation 
of  requiring  far  less  caution  than  the  foregoing  method.  Make  a mixture 
as  follows : — 40  cubic  centimeters  of  a syrupy  solution  of  barley-sugar  in 
distilled  water,  20  cubic  centimeters  of  95  per  cent,  alcohol,  and  10  cubic 
centimeters  of  a syrupy  solution  of  pure  dextrine.  This  solution  will  keep 
for  a considerable  time.  The  glass-plate  is  covered  with  it  exactly  as  with 
the  collodion,  and  when  dry  can  be  put  aside  for  several  days  without  detri- 
ment. The  sections  are  mounted  on  the  glass  as  by  Weigert’s  method,  and 
after  a few  minutes’  interval  a solution  consisting  of  6 grammes  of  photo- 
xylin  or  celloidin  in  100  cubic  centimeters  of  ether  and  the  same  amount 
of  absolute  alcohol  is  poured  over  them.  The  plate  is  next  exposed  in  a 
horizontal  position  till  the  slight  opacity  around  the  sections  has  disappeared 
and  the  layer  of  photoxylin  is  set.  It  is  then  dipped  into  water  to  dissolve 
the  sugar,  and  the  film  with  the  sections,  which  are  free  at  one  point,  can 
be  easily  taken  off  it. 


METALLIC  IMPREGNATION. 
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In  examining  preparations  it  is  important  to  bear  in  mind  that  where 
nerve-fibres  cross  one  another  in  different  directions  sets  of  fibres  which 
would  otherwise  be  invisible  or  dimly  seen  can  be  distinguished  with 
extreme  clearness  by  the  use  of  oblique  lighting , the  plane  mirror  of  the 
microscope  being  placed  so  that  the  ground  about  the  preparation  looks 
dark.  This  succeeds  with  preparations  stained  in  the  manner  I shall  pro- 
ceed to  describe,  with  carmine,  hsematoxylin,  nigrosin,  etc.,  but  not  with 
those  made  according  to  Wcigert’s  method. 

Flescli,  also,  has  proposed  the  use  of  coloured  light ; where  it  is  a matter 
of  slight  differences  in  colour  in  different  parts  of  the  section  this  artifice  can 
be  sometimes  employed  successfully. 

Thicker  sections  may  be  left  unstained  and  mounted  in  glycerin,  when  a 
very  clear  general  view  is  obtained,  especially  with  the  medulla  oblongata, 
the  pons,  etc.,  and  in  degenerated  spots  in  the  spinal  cord  the  nerve-fibres 
that  remain  intact  are  very  plainly  distinguishable.  Such  preparations 
mounted  in  glycerin  are  best  ringed  round  with  paraffin.  Stilling  arrived 
at  his  epoch-making  discoveries  by  means  of  preparations  like  these. 

But  in  almost  every  case  the  object  aimed  at  is  to  throw  certain  tissue- 
elements  into  greater  prominence,  and  this  is  attained  by  staining  in  the 
wider  sense  of  the  term.  Further,  many  stain ing-agents  react  very  differ- 
ently to  the  several  tissue-elements,  and  thus  allow  us  to  make  a clear  differ- 
entiation in  the  preparation.  To  give  an  instance  : lnematoxylin  stains  the 
nuclei  blue,  leaving  the  rest  of  the  tissue  almost  uncoloured.  This  is  what 
we  mean  by  staining  in  the  narrower  sense  of  the  term. 

Experiment  has  also  shown  that  the  use  of  metallic  salts  in  solution  and 
subsequent  reduction  causes  the  metal  to  be  precipitated  in  or  around 
certain  tissue-elements  rather  than  others.  This  fact  lies  at  the  root  of  the 
method  of  impregnating  with  metals. 

[By  far  the  most  convenient  method  of  using  celloidin  is  to  replace  the 
alcohol  in  the  celloidin-mass  with  water.  Owing  to  the  tissue-like  perme- 
ability of  celloidin,  this  is  effected  without  perceptible  alteration  in  form. 
The  embedded  preparation  can  afterwards  be  cut  on  a freezing-microtome. 
So  simple  is  the  procedure  that  it  is  well  as  a matter  of  routine  to  apply  it 
invariably  in  investigations  into  the  structure  of  the  central  nervous  system. 
The  tissue,  either  stained  en  bloc  or  left  for  staining  after  it  is  cut,  is 
placed  in  absolute  alcohol.  This  is  replaced  by  a mixture  of  absolute 
alcohol  3 parts,  ether  1 part.  When  this  has  soaked  into  the  tissue 
a small  piece  of  Shering’s  dry  celloidin  is  placed  in  the  vessel.  The 
celloidin  dissolves  very  slowly,  and  the  gradually  concentrating  solution 
permeates  the  tissue  far  more  thoroughly  than  even  the  weakest  ready- 
made solution  would  do.  Fresh  pieces,  or,  to  hasten  the  process,  pieces 
of  waste  celloidin-jelly,  are  added  daily  until  the  solution  flows  with 
difficulty.  It  is  then  poured  out  with  the  tissue  in  its  centre  into 
a flat-bottomed  glass  dish.  The  dish  is  covered  with  a plate  of  smooth 
glass.  By  this  arrangement  a very  slow  evaporation  is  allowed,  and  the 
celloidin  when  set  will  be  found  to  be  of  uniform  consistency,  and  not  prone 
to  curl  when  cut.  If  it  is  important  to  save  time,  the  celloidin  is  poured 
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into  a paper  boat  which  is  immersed  in  chloroform,  which  sets  the  celloidin 
in  a few  hours  without  measurable  alteration  in  bulk  {Caldwell).  When 
set  somewhat  firmly,  the  tissue  with  a convenient  bed  is  cut  out  with  a 
knife,  and  the  block  thrown  into  water  for  an  hour  (or  if  saturated  with 
chloroform,  into  spirit  and  then  into  water).  When  all  the  alcohol  is 

replaced  by  water,  the  block  can  be  frozen  and  cut  with  a facility  quite 
unattainable  in  spirit-set  celloidin.  There  is  no  pleasanter  material  to  cut 
than  frozen  celloidin.  In  some  cases  it  is  desirable  to  embed  the  tissue  in 
celloidin,  even  before  cutting  into  series  of  sections  in  paraffin.  If  this  is 
desired,  the  chloroform-saturated  block,  or  even  the  alcohol  block,  can  be 
placed  in  melted  paraffin.] 

STAINING. 

The  investigation  of  the  constitution  of  the  central  nervous  system  by 
means  of  sections  only  reached  its  full  development  when  Gerlach  showed 
us  how  to  treat  the  preparation  with  staining  agents  which  react  differ- 
ently to  the  several  tissue-elements.  The  stain  which  happened  to  be 
employed  first  was  ammonia-carmine.  To  make  the  solution  the  best  car- 
mine which  can  be  bought  (Carmine  Naccarat)  is  mixed  in  a beaker  with 
ammonia  into  a soft  pap,  to  which  so  much  distilled  water  is  added  as  will 
yield  a dark  black-red  fluid.  The  solution  is  filtered,  and  exposed  to  the 
air  until  the  surplus  ammonia  has  evaporated.  The  solution  improves  on 
keeping.  The  fluid  can  always  be  filtered  back  into  the  bottle  after  use, 
and  may  be  employed  for  years.  Alcohol  preparations  are  very  quickly 
coloured  in  this  solution ; a few  minutes  only  being  needed.  Chromic 
preparations  take  a varying  time,  increasing  with  the  time  the  preparation 
has  been  kept ; it  may  vary  from  an  hour  to  several  days,  and  each  case 
must  be  treated  on  its  own  merits.  When  it  is  desired  to  accomplish  the 
staining  quickly,  the  watch-glass  containing  the  preparation  should  be  placed 
on  a wire  net  over  a vessel  of  boiling  water ; three  to  five  minutes  usually 
suffices  under  these  circumstances.  For  preparations  in  celloidin  this 
method  of  heating  is  apt  to  prove  too  violent ; it  is  safer  to  place  them  in 
an  incubator.  The  time  required  for-  staining  depends  upon  the  tempera- 
ture. For  slight  magnification  the  sections  are  cut  thick  and  slightly 
stained ; for  use  with  high  powers,  deep  staining  is  necessary.  Beautifully 
differentiated  carmine-staining  can  sometimes  be  effected  by  diluting  the 
solution  very  greatly  and  leaving  the  sections  in  it  for  a long  time,  perhaps 
a couple  of  days. 

In  carmine-staining  the  axis-cylinders,  all  cells  non-nervous  as  well  as 
nervous,  the  connective-tissue,  and  the  epithelium  should  be  bright  red, 
the  ground  tissue  pale  pink,  and  the  medullary-sheaths  almost  uncoloured ; 
but  many  preparations  take  the  colouring  very  slowly  or  fail  altogether  to 
present  the  proper  sharp  differentiation.  In  the  latter  case  the  fault  lies 
either  in  the  preparatory  hardening  or  in  the  staining-agent.  Good  speci- 
mens of  carmine  have  become  so  scarce,  especially  of  late  years,  that  many 
futile  attempts  are  often  made  before  a satisfactory  solution  is  obtained. 
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Even  the  best  solution  is  apt  to  become  suddenly  useless,  generally  owing 
to  the  formation  of  a bright  red  precipitate  or  the  growth  of  a curious 
fungus  in  the  fluid.  Hoyer’s  dry  carmine  is  more  to  be  depended  on ; it 
should  be  used  in  a solution  of  about  4 per  cent.  A freshly  prepared 

solution  often  yields  excellent  results,  but  it  is  more  certain  in  its  action 
if  it  has  been  kept  for  some  time  (weeks  or  months)  in  a warm  temperature 
J,y  the  side  of  the  stove,  for  example.  The  actiou  of  carmine  is  strength- 
ened by  first  soaking  the  preparations  for  a few  minutes  in  a 1 per  cent, 
solution  of  alum  and  rinsing  them  quickly  before  putting  them  into  the 
colouring-fluid ; but  the  clear  differentiation  is  apt  to  suffer  somewhat  in 
the  process. 

Ranvier  was  the  first  to  recommend  picro-carmine  instead  of  ammonia- 
carmine.  A good  (but  not  always  trustworthy)  picro-carmine  for  colouring 
the  central  nervous  system  is  prepared  by  Lutcenthal  in  the  following- 
way  : — in  100  grins,  water  0'05  grm.  of  caustic  soda  is  dissolved,  to  this  is 
added  0'4  grm.  carmine;  the  mixture  is  then  boiled  for  ten  or  fifteen 
minutes,  and  diluted  to  200  c.c.  To  this  fluid  is  added  carefully  just 
sufficient  of  a 1 per  cent,  watery  solution  of  picric  acid  to  redissolve  the 
precipitate  first  formed.  It  then  stands  for  two  or  three  hours,  when  it  is 
filtered  several  times  through  the  same  filter-paper.  After  some  weeks 
or  months  the  solution  is  apt  to  become  dim. 

Satisfactory  results  are  often  given  by  uranium  carmine  (Schmaus’ 
method).  l-0  grm.  sodic  carminate  and  0-5  grm.  uranium  nitrate  are 
boiled  in  100  cubic  centimeters  of  water  for  half  an  hour  and  filtered. 

A very  good  differentiation,  similar  to  that  given  by  carmine  but  of  a 
grey-blue  colour,  is  obtained  by  leaving  the  sections  from  ten  to  twenty 
minutes  in  a \ per  cent,  watery  solution  of  nigrosin  (Merk’s  manufacture), 
or  for  half  an  hour  in  a { per  cent,  watery  or  alcoholic  solution  of  English 
blue-black. 

Rosin's  method  of  staining  is  sometimes  very  useful  for  these  as  well  as 
for  many  pathological  preparations ; it  is  rapid  and  brings  out  many  details 
in  a single  section.  For  this  we  employ  Bioudi’s  mixture  of  three  colours 
(acid  fuchsin,  methyl-orange,  and  methyl-green)  in  the  proportion  of  0-4  to 
100  of  water,  and  add  to  it  7 parts  of  a 4 per  cent,  solution  of  acid  fuchsin. 
The  sections  are  placed  in  this  solution  for  five  minutes.  For  celloidiu 
preparations  1 part  of  a 4 per  cent,  solution  of  acid  fuchsin  is  further  added 
to  every  4 of  this  fluid,  and  they  remain  in  it  for  one  minute  only.  The 
sections  should  then  be  washed  quickly  in  distilled  water  (preferably  in 
two  saucers)  until  the  colour  ceases  to  come  away  in  dense  clouds  (one  or 
two  minutes).  They  are  next  put  into  acetic  acid  (1  drop  to  100  grins, 
water)  for  ten  seconds,  into  distilled  water  for  one  minute,  and  into 
absolute  alcohol  until  the  violet  colour  ceases  to  come  away  (two  to  three 
minutes).  Pure  xylol : xylol  balsam,  ibis  mixture  is  very  selective  in  its 
action. 

Sections  stained  by  any  of  the  foregoing  methods,  with  the  exception  of 
Rosin’s,  are  thoroughly  washed  in  water  until  no  more  of  the  colouring 
matter  comes  away  from  them  and  placed  iu  a shallow  dish  of  95  per  cent. 
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alcohol,  which  is  once  changed,  to  be  dehydrated.  The  time  required  for 
this  depends  entirely  on  the  thickness  of  the  section.  Very  small  sections 
are  sufficiently  dehydrated  in  a few  minutes.  Nigrosin  preparations  remain 
in  the  alcohol  until  the  desired  clearness  of  differentiation  has  been  arrived 
at.  Absolute  alcohol  should  not  be  used  in  dehydrating  celloidin  or  photo- 
xylin  preparations,  as  it  softens  these  substances. 

After  dehydration  the  sections  must  be  cleared.  The  best  medium  for 
this  purpose  is  carbol  xylol  (1  part  of  pure  crystallised  carbolic  acid  to  3 of 
xylol),  introduced  by  Weigert.  The  section  is  lifted  out  of  the  alcohol  with 
a scoop  or  piece  of  paper,  and  placed  in  a covered  vessel  of  carbol  xylol, 
where  it  remains  till  it  is  transparent,  which  generally  occurs  in  a few 
seconds. 

Many  other  clearing  media  are  in  use,  such  as  oil  of  thyme,  oil  of 
bergamot,  and  creosote.  Clove  oil  and  cedar  oil  may  also  be  employed  for 
other  than  celloidin  preparations. 

When  cleared,  the  section  is  mounted  on  a slide  at  once,  the  superfluous 
carbol  xylol  (or  whatever  the  clearing  medium  may  be)  is  sucked  up  with 
blotting-paper,  the  preparation  is  lightly  pressed  with  a number  of  layers  of 
the  same,  and  a sufficient  quantity  of  dammar  varnish  or  Canada  balsam 
dissolved  in  xylol  is  dropped  on  to  it.  The  preparation  is  now  ready,  and 
can  be  covered  with  a cover-slip. 

Sections  enclosed  between  two  pieces  of  paper  are  placed  with  their 
envelope  in  the  xylol  or  oil.  From  this  they  are  lifted  with  forceps  on 
to  the  slide,  and  it  is  now  easily  possible  to  detach  the  upper  paper.  The 
other  piece  of  paper  is  then  seized  with  the  forceps  and  turned  over,  so 
that  the  section  comes  to  lie  upon  the  glass.  The  second  paper  is  then 
easily  removed,  provided  the  surplus  oil  or  xylol  on  the  preparation  and 
the  paper  has  been  dried  off  with  a number  of  layers  of  blotting-paper. 
The  section  is  then  treated  with  dammar  varnish  in  the  manner  already 
described. 

NissVs  method  is  well  adapted  for  the  examination  of  the  structure  of  the 
nerve-cells  in  detail,  and  particularly  for  the  detection  of  pathological 
changes.  Pieces  of  the  central  nervous  system,  as  fresh  as  can  be  procured, 
are  put  straight  into  96  or  98  per  cent,  alcohol,  in  which  they  remain  until 
fit  for  cutting.  When  hardened,  a small  piece  is  stuck  on  to  a cork  with 
gum  and  cut  under  alcohol.  The  sections,  which  should  be  made  as  thin  as 
possible,  are  collected  in  a vessel  of  strong  alcohol,  and  heated  till  bubbles 
begin  to  rise  in  the  following  mixture  : — 

Methylene-blue  (B  patent),  . . • • . 3'75 

Venetian  soap,  . . . • • • . 1'75 

Distilled  water,  ....*•• 

Differentiate  in  anilin-oil-alcohol  (10  parts  colourless  and  transparent  anilin 
oil  to  90  of  96  per  cent,  alcohol).  As  soon  as  the  colour  no  longer  comes 
away  in  dense  clouds,  the  section  is  put  on  the  slide  and  dried  with  blotting- 
paper.  Next,  oil  of  cajeput  is  dropped  on  it  and  dried  away  again  when  the 
section  is  transparent,  then  a little  benzine,  and  it  is  finally  embedded  in 
benzine  colophonium  (1  : 10).  Before  the  cover-slip  is  put  on,  the  preparation 
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is  passed  through  the  flame  of  a spirit  lamp  to  consume  the  benzine,  and 
the  cover-slip  is  pressed  on  the  melted  colophonium. 

Unfortunately,  the  preparations  that  show  clearly  the  structure  and 
incidental  changes  of  the  cells  are  not  permanent ; in  fact,  they  often  lose 
some  of  their  distinctness  in  a few  minutes. 

According  to  Lenhossek  the  structure  of  the  cells  is  most  successfully 
exhibited  by°the  following  method.  The  tissue  is  placed  for  two  days  in  a 
solution  of  ordinary  40  per  cent,  formalin  diluted  to  half  its  original 
strength,  then  for  another  two  days  in  absolute  alcohol,  and  finally 
embedded  in  celloidin  or,  better  still,  in  paraffin,  as  the  sections  must  be 
very  thin.  The  sections  are  put  for  about  five  minutes  into  a concentrated 
watery  solution  of  thionin  and  washed  quickly  in  distilled  water.  Differen- 
tiate in  1 part  anilin  oil  to  9 parts  absolute  alcohol,  clear  in  oil  of  cajcput. 
Dip  the  section  into  xylol  for  a moment,  and  mount  in  xylol  dammar.  This 
stain  also  fades  in  time. 

Nissl’s  method  can  also  be  successfully  applied  to  preparations  which 
have  been  previously  hardened  in  formalin.  As  a rule,  an  over  strict 
adherence  to  the  directions  given  by  Nissl  is  not  necessary ; in  many  cases 
it  suffices  to  leave  the  section  from  ten  to  fifteen  minutes  in  methylene-blue, 
or  to  place  it  in  the  staining-fluid  and  hold  it  over  the  water-bath  for  one  or 
two  minutes ; then  to  decolourise  thoroughly  in  anilin-alcohol,  dehydrate 
in  alcohol,  and  clear  in  xylol  (without  carbolic  acid)  or  oil  of  cajcput. 
Mount  in  dammar  varnish. 

Certain  staining-agents  have  a peculiar  affinity  with  the  nuclei ; these  we 
call  nuclear  stains. 


A.  NUCLEAR  STAINS. 

Alum-hsematoxylin  is  one  of  the  best.  We  particularly  recommend 
Ehrlich’s  solution,  which  has  the  advantage  of  keeping  for  any  length  of 
time.  Take  5 grins,  hsematoxylin  dissolved  in  300  grms.  absolute 
alcohol,  with  300  grms.  glycerin  and  the  same  amount  of  distilled  water 
saturated  with  alum,  mix  the  two  together  and  add  from  15  to  25  grms. 
acetic  acid.  Filter  after  some  days.  As  the  effectiveness  of  this  solution 
goes  on  increasing  for  the  first  few  weeks,  it  is  advisable  to  dilute  it  at 
the  end  of  that  time  with  distilled  water.  It  can  always  be  filtered  back 
into  the  bottle  after  use.  Colouring  occurs  very  quickly — in  one  or  two 
minutes.  The  section,  after  it  is  washed,  should  only  appear  grey-blue, 
but  all  nuclei,  except  those  of  the  nerve-cells,  and  amyloid  bodies  (when 
they  occur)  will  be  found  strongly  stained.  All  the  rest  of  the  section 
ought  to  be  left  almost  or  quite  uncoloured.  If  the  section  is  overstained 
it  can  in  some  cases  be  set  right  by  weak  salt  solution.  Preparations  so 
treated  can  in  most  cases  be  afterwards  stained  quickly  and  beautifully  in 
carmine.  Many  tumours,  as  well  as  normal  tissues,  can  be  stained  in  a 
1 per  cent,  watery  solution  of  eosin  or  Magdala  red.  The  further  treatment 
— dehydration,  clearing,  etc. — is  the  same  as  for  carmine  preparations. 

B 
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Csokor’s  carmine  stains  nuclei  well,  and  slightly  colours  the  nerve-cells 
and  axis-cylinders.  50  grms.  powdered  cochineal  and  5 grms.  alum  are 
dissolved  in  500  grms.  of  water,  and  the  solution  reduced  to  two-thirds  its 
bulk  by  boiling.  A few  drops  of  carbolic  acid  are  added  to  prevent  the 
formation  of  moulds. 

Numerous  other  nuclear  stains  are  useful  in  their  place — e.g. : (1)  a watery 
solution  of  Bismarck-brown  (lb  to  300).  (2)  Grenacher’s  alum-carmine. 

Boil  1 to  5 grms.  alum  and  0‘5  to  1‘0  grm.  carmine  in  100  grms.  water 
and  filter.  Further  treatment  as  already  described  ( cf . also  p.  14).  (3) 

Borax-carmine.  Boil  1 to  2 grms.  borax  and  0'5  to  0'75  grm.  carmine  in 
100  gnns.  water,  and  add  enough  acetic  acid  to  bring  it  to  the  colour  of 
the  ammonia-carmine  solution.  Filter  after  twenty-four  hours.  The 
sections  are  placed  in  this  fluid  for  a time  varying  from  five  minutes  to 
half  an  hour.  They  come  out  diffusely  stained,  and  must  be  placed 
immediately  in  hydrochloric  acid  alcohol  (1  part  hydrochloric  acid  to  100 
parts  70  per  cent,  alcohol)  in  which  they  remain  for  a few  minutes  until 
differentiated,  after  which  they  are  dehydrated  and  cleared. 

Certain,  as  a rule,  in  operation,  and  very  highly  to  be  recommended,  is 
van  Gieson’s  method.  Harden  in  chrome-salts,  stain  the  sections  in  alum- 
hsematoxylin  (nuclear  staining),  wash  them  in  water,  and  place  in  a mixture 
of  about  1 part  saturated  watery  solution  of  acid  fuchsin  to  3 parts 
picric  acid  in  water  (saturated).  One  or  two  minutes  is  usually  long  enough 
to  leave  them  in  this  mixture.  Wash  in  water,  treat  with  alcohol,  etc. 
Nerve-cells,  axis-cylinders,  and  gleia-fibres  turn  red;  medullary  sheaths 
yellow' ; gleia-nuclei,  vascular  nuclei,  epithelia,  and  amyloid  bodies  blue. 

Adamkiewicz’s  staining  in  safranin  may  be  classed  under  this  head, 
though  it  cannot  be  described  as  nuclear  staining  pure  and  simple.  The 
sections  are  placed  in  water  weakly  acidified  with  nitric  acid.  After  a 
short  time  they  are  placed  in  the  colouring  solution  (a  deep  Burgundy-red 
v'atery  solution  of  safranin  No.  0).  Here  they  lie  until  they  are  over- 
stained, when  they  are  w'ashed  first  in  spirit  and  then  in  absolute  alcohol, 
which  also  is  made  slightly  acid  with  nitric  acid.  Lastly,  they  are  placed 
in  clove  oil  until  no  more  red  colouring  matter  can  be  extracted  from  them, 
and  mounted  in  Canada  balsam.  The  nerve  medulla  is  stained  orange  or 
red,  the  gleia  nuclei  violet.  Degenerated  parts  come  out  very  distinctly. 
Very  beautiful  and  permanent  preparations  can  be  obtained  by  this  method, 
but  its  results  are  by  no  means  certain. 

Itehm  recommends  the  following  process  for  staining  the  nuclear  structure 
of  the  n&rve-cells.  Harden  by  Nissl’s  method  (p.  16).  Transfer  the 
sections  from  the  alcohol  to  carmine  (carmine  1'0,  ammonia  1'0,  v'ater 
lOO'O),  and  leave  them  in  it  for  about  five  minutes.  Next  place  them  for 
another  five  minutes  at  longest  in  about  100  parts  70  per  cent,  alcohol  to 
1 part  nitric  acid,  then  in  pure  alcohol.  Finally  put  them  for  one  minute 
into  a 0T  per  cent,  cold  solution  of  methylene-blue.  Differentiate  in  alcohol, 
thyme  oil,  benzine,  colophonium.  The  sections  should  be  pale  violet, 
and  should  show  clearly  the  red  nuclear  network  in  the  nuclei  of  the 
blue  nerve-cells.  Another  way  is  to  harden  the  tissue  in  10  per  cent,  nitric 
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acid  and  stain  in  alum-hrematoxylin  (followed  up,  in  some  cases,  with 
methylene-blue). 


B.  MEDULLARY-SHEATH  STAINS. 

Another  set  of  methods  has  for  its  object  the  staining  of  the  medullated 
nerve-fibres.  For  convenience,  all  such  methods  are  classed  together  under 
the  title  of  medullary-slieath  stains,  though  not  all  of  them,  by  any  means, 
stain  the  whole  medullary  sheath.  That  first  introduced  by  Weigcrt  for 
staining  in  acid  fuchsin  presents  many  difficulties,  and  is  now  quite  super- 
seded by  later  methods. 

1.  Weigert’s  Ilcematoxylin  Method. — The  tissue  must  be  hardened  in 
chromic  salts;  but  it  can  be  transferred  through  alcohol  into  celloidin, 
although  it  is  desirable  that  it  should  not  be  washed  out  in  water.  The 
block  of  tissue  is  fastened  on  to  cork  with  celloidin  and  placed  in  neutral 
solution  of  copper  acetate  (made  by  mixing  equal  parts  of  saturated  copper 
acetate  solution  and  water).  In  this  it  remains  in  an  incubator  at  35°  to 
40°  C.  for  one  or  two  days.  The  sections  are  then  cut  and  placed  in 
alcohol,  from  which  they  are  lifted  into  a solution  of  lucmatoxylin,  pre- 
pared  by  dissolving  1 part  hannatoxylin  in  10  parts  absolute  alcohol  and 
90  parts  water.  The  solution  is  well  boiled  and  filtered,  but  is  not  fit  to 
use  for  one  or  two  weeks.  Addition  of  a few  drops  of  a cold  saturated 
solution  of  lithium  carbonate  to  a watch-glass  full  of  the  fluid  makes  it  fit 
for  immediate  use.  The  hsematoxylin  solution  may  be  diluted  with  an 
equal  volume  of  water.  Solutions  weaker  than  this  do  not  stain  sufficiently 
deep.  In  this  solution  the  sections  remain  a longer  or  shorter  time  (from 
two  to  twenty-four  hours),  according  to  the  degree  of  coloration  required — 
spinal-cord  requires  a shorter  time,  brain-cortex  a longer  time.  The  sections, 
now  quite  black,  are  washed  in  water,  and  then  placed  in  a decolourising 
solution  composed  of  borax  2 parts,  fei-ridcyanide  of  potassium  2 ’5  parts, 
distilled  water  100  parts.  Here  the  section  remains  until  a differentiation 
between  the  nerve-fibres  and  grey  matter  is  distinctly  visible,  the  time 
necessary  varying  from  a quarter  of  an  hour  to  twenty-four  hours.  Owing 
to  their  blue-black  colour  the  medullated  fibres  stand  out  sharply  on  a 
brown  field.  Often  the  decolourising  fluid  works  too  strongly,  and  it  is 
advisable  to  thin  it  considerably  in  the  case  of  embryonic  tissue  or 
peripheral  nerves.  The  sections  are  then  well  washed  and  mounted  in  the 
usual  way  (alcohol,  carbol  xylol,  dammar  varnish).  Since  the  sections 
which  are  cut  after  the  tissue  has  been  treated  with  copper  acetate  are  not 
amenable  to  staining  with  carmine,  it  is  frequently  convenient  to  prepare  a 
number  of  sections  from  the  hardened  tissue,  and  to  submit  only  those  to 
which  it  is  desired  to  apply  Weigert’s  method  to  the  copper  acetate. 
Sections  do  not  require  to  stay  so  long  in  the  incubator  as  directed  for  the 
block  of  tissue.  The  sections  should  be  rinsed  in  weak  alcohol  before  they 
are  transferred  to  the  hfematoxylin.  In  cases  in  which  staining  of  the 
finest  fibres  is  not  necessary,  it  is  possible  to  dispense  with  the  copper 


20 


weigert’s  method. 


solution.  The  sections  can  be  left  in  the  hematoxylin  solution  for  twenty- 
four  hours,  and  then,  in  some  cases,  placed  for  another  two  or  three  hours 
in  the  incubator  (35°  to  45°  C.). 

As  the  essence  of  this  method  lies  in  the  formation  of  a chrome-hema- 
toxylin compound,  it  does  not  succeed  if  the  chromic  acid  absorbed  by  the 
medullary  sheaths  during  the  hardening  process  has  been  washed  out, 
either  wholly  or  in  part.  Where  this  defect  occurs  it  can  be  remedied  to  a 
certain  extent  by  placing  the  sections  in  a strong  solution  of  chromate  of 
potash  or  a weak  solution  of  chromic  acid  for  a time,  varying,  according  to 
circumstances,  from  two  hours  to  twenty-four,  and  rinsing  them  quickly  in 
very  weak  alcohol  before  transferring  them  to  the  hrematoxylin  or  copper 
solution. 

Weigert’s  method  of  medullary-sheath  staining  marks  an  enormous 
advance  in  the  technique  of  nerve-histology.  Both  in  its  original  form 
and  in  the  modifications  I shall  proceed  to  discuss  it  is  of  inestimable  value 
in  studying  the  course  of  fibres  in  the  central  nervous  system  and  in  tracing 
the  processes  of  development  and  degeneration  in  the  medullary  sheaths. 

Other  tissues  besides  the  nerve-fibres  are  apt  to  be  darkly  stained  by 
Weigert’s  method  (or  its  several  modifications).  The  contents  of  blood- 
vessels especially  stain ; in  some  cases  the  colourisation  affects  the  cor- 
puscles, in  other  cases  the  plasma.  Sometimes  this  staining  only  affects  the 
vessels  in  a defined  region,  as,  for  instance,  in  the  deepest  layer  of  the 
cortex.  At  times  coagulation-products,  stained  intensely  dark,  are  seen  in 
these  vessels,  and  easily  mistaken,  when  thread-like  in  form,  for  medullated 
nerves. 

Calcified  vessels  and  nerve-cells  also  stain.  Within  the  nerve-cells  the 
pigment  frequently  assumes  a darker  colour.  We  notice  that  all  nerve-cells 
have  not  reacted  in  the  same  way  to  the  colouring  agents ; an  attempt  has 
been  made,  as  we  shall  show  later  on,  to  make  use  of  this  difference  for  the 
classification  of  nerve-cells,  the  difference  being  supposed  to  be  associated 
with  a difference  in  function. 

Edinger,  also,  has  described  extremely  fine  nerve-fibres,  such  as  are 
supposed  to  exist  in  all  vertebrate  animals,  on  which  Weigert’s  method  of 
staining  reacts  in  exactly  the  same  way  as  on  medullated  nerves,  although 
they  have  no  envelope  of  medulla.  Fibres  similar  to  these,  though  in  many 
cases  much  coarser,  occur  in  invertebrate  animals.  This  is  a proof  that  the 
substance  which  takes  the  dark  stain  is  not  medulla  in  the  strict  sense  of 
the  word. 

The  following  is  Weigert’s  modification  of  his  own  method.  Fix  the 
tissue  on  cork  and  place  it  for  twenty-four  hours  in  a cold  saturated 
solution  of  neutral  copper  acetate  and  10  per  cent,  solution  of  double 
tartrate  of  potassium  and  sodium  at  a temperature  of  35  C.,  and  then  for 
another  twenty-four  in  a simple  solution  of  copper.  Rinse  in  water,  place 
in  80  per  cent,  alcohol  for  an  hour,  and  cut.  The  sections  are  placed  in  1 
part  10  per  cent,  alcoholic  hsematoxylin  solution  (freshly  mixed)  to  9 parts 
of  a mixture  of  7 c.c.  of  concentrated  solution  of  lithium  carbonate  with  93 
c.c.  of  distilled  water.  Further  differentiation  is  unnecessary. 
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2.  Pal's  Method. — The  most  important  modification  of  Weigert’s  method 
is  that  proposed  by  Pal,  which  deserves  description  in  detail,  as  it  gives 
excellent  results.  Its  value  consists  in  the  complete  decolourisation  of  the 
tissue  between  the  medullated  nerves  and  the  opportunity  of  subsequently 
staining  it,  which  is  not  allowed  by  Weigert’s  method.  Pieces  of  tissue 
arc  hardened  in  Muller’s  fluid  or  bichromate  of  potassium.  If  this  reagent 
has  been  completely  washed  out  or  if  the  tissue  has  assumed  a green  colour 
it  must  be  put  for  a few  hours  into  0'5  per  cent,  chromic  acid  or  for  a 
longer  time  into  a 2 to  3 per  cent,  solution  of  bichromate  of  potassium  before 
proceeding  further.  The  sections  are  put  for  twenty-four  to  forty-eight 
hours  in  Weigert’s  luematoxylin  solution  (p.  19),  part  of  the  time,  if  need 
be,  in  an  incubator  at  35°  to  15°  C.,  carefully  washed  in  water,  and  placed 
in  0'5  part  permanganate  of  potash  to  200  distilled  water.  Here  they 
remain  from  half  a minute  to  five  minutes  (in  some  cases  even  longer).  I he 
right  moment  to  take  them  out  is  when  the  grey  matter  is  sharply  marked 
off  by  the  contrast  of  its  brown  colour  with  the  blackness  of  the  rest  of  the 
tissue.  After  washing  in  distilled  water  they  are  placed  in  the  following 
solution : — 

1 part  pure  oxalic  acid, 

1 part  sulphide  of  potassium, 

200  parts  distilled  water. 

This  fluid  must  be  kept  very  well  corked  or  the  sulphurous  acid  will 
evaporate.  A better  way  is  to  have  ready  a 1 per  cent,  solution  of  oxalic 
acid  and  a 1 per  cent,  solution  of  sulphide  of  potassium  in  separate  bottles, 
and  mix  them  in  equal  parts  when  wanted. 

The  section  is  placed  in  this  fluid  (which  should  have  the  strong  pungent 
smell  of  sulphurous  acid)  for  from  half  a minute  to  three  minutes  and  shaken 
repeatedly,  until  the  brown  colouring  has  entirely  disappeared  and  its  place 
has  been  taken  by  a more  or  less  deep  shade  of  blue-grey.  If  this  result 
does  not  follow,  the  reason  is  that  the  preparation  has  been  too  short  a 
time  in  the  permanganate  of  potash.  The  deficiency  can  be  made  good  by 
washing  it  in  water  and  returning  it  to  the  permanganate  solution  for  a 
sufficient  length  of  time. 

When  completely  decolourised  the  section  must  be  very  carefully  washed 
in  distilled  water.  Dehydrate  and  clear  in  the  usual  way  (alcohol,  carbol 
xylol). 

The  best  dye  for  further  staining  is  Csokor’s  alum-cochineal  (p.  1 8). 

Not  only  are  the  separate  nerve-fibres  defined  with  extreme  clearness  by 
Pal’s  method,  but  we  find  single  nerve-tracts  characterised  by  striking 
variations  of  colour.  Thus,  the  roots  of  the  motor  nerves  in  the  mid-brain 
are  rendered  very  conspicuous  by  their  bright  blue  tint. 

3.  Vassale’s  Modification  of  Weigert’s  Hcematoxylin  Method. — The  sec- 
tions are  placed  in  a solution  of  1 part  luematoxylin  to  100  water  for  three 
to  five  minutes,  then,  after  being  quickly  washed  in  distilled  water,  trans- 
ferred for  the  same  length  of  time  to  a saturated  solution  of  neutral  acetate 
of  copper,  again  washed  quickly  in  distilled  water,  and  placed  in  Weigert’s 
solution  of  ferrideyanide  of  potassium  to  be  decolourised. 
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Most  of  the  preparations  given  by  this  excellent  method  are  in  nearly 
every  respect  equal  to  those  stained  according  to  Weigert’s  directions,  while 
its  simplicity  and  the  shortness  of  the  time  required  for  it  are  greatly  in  its 
favour.  As  by  Weigert’s  method,  on  which  it  is  based,  the  nerve-cells  are 
rendered  clearly  distinguishable  by  their  various  shades  of  brown.  The 
preparations  are  not  liable  to  be  spoilt  by  the  formation  of  precipitates  in 
the  hsematoxylin,  and  the  sections  are  less  brittle  than  those  which  have 
lain  a long  while  in  the  hsematoxylin  solution.  Very  beautiful  views  of  the 
medulla  oblongata  are  obtained  by  this  method ; with  the  spinal  cord  it  is 
less  successful.  Unless  the  treatment  is  carried  out  with  extreme  care  the 
colour  of  the  medullated  fibres  soon  fades  away. 

4.  Another  method  of  medullary-sheath  staining,  introduced  by  Lissauer, 
has  also  the  merit  of  rapidity.  It  is  very  useful  in  treating  old  long- 
hardened  preparations,  which  give  no  good  results  by  the  ordinary  hsema- 
toxylin  methods.  The  sections  are  heated  for  a short  time  in  a 1 per  cent, 
solution  of  chromic  acid,  washed  in  alcohol,  and  then  placed  in  Weigert’s 
hsematoxylin  solution  and  heated  again.  Decolourisation  by  Pal’s  method. 

5.  Kultscliitzlcy’s  Modification  of  Medullated  Nerve  Staining. — Harden 
the  tissue  for  one  or  two  months  in  Erlitzky’s  fluid,  and  wash  it  by  putting 
it  for  several  days  in  running  water.  Then  place  it  in  the  following 
solution : 1 part  hsematoxylin  dissolved  in  a little  alcohol  to  1 00  parts  of  2 
per  cent,  acetic  acid.  The  deep  staining  of  the  nerve-fibres  takes  several 
hours  (up  to  twenty-four).  The  sections  are  next  placed  in  100  cubic 
centimeters  of  saturated  lithium  solution  to  which  10  cubic  centimeters  of 
a 1 per  cent,  solution  of  ferrideyanide  of  potassium  may  be  added  to  hasten 
decolourisation  and  give  a warmer  tone.  Decolourisation  is  generally  com- 
plete in  two  or  three  hours,  but  may  take  longer  under  some  conditions. 
Wash  thoroughly,  dehydrate,  etc.  This  is  a very  easy  method,  and  the 
staining  is  generally  clear  and  good.  J.  Schaffer , however,  gives  the 
preference  to  decolourisation  in  Weigert’s  borax-ferrideyanide  solution. 

6.  Wolter’s  method  ( Roes’  modification),  which  is  very  often  used  for  brain- 
cortex,  is  as  follows  : — After  being  hardened  in  the  usual  way  the  tissue  is 
placed  for  two  or  three  days  in  Ivultschitzky’s  hsematoxylin  solution  in  the 
incubator  at  42°  to  45°  C.  It  is  then  dipped  in  Muller’s  fluid,  washed  in 
water,  and  decolourised  in  Pal’s  differentiating  fluid.  The  best  way  to  do 
this  is  to  lift  the  tissue  in  a strainer,  as  it  should  not  be  allowed  to  remain 
long  in  any  one  fluid.  It  should  be  dipped  in  the  two  alternately  some  six, 
ten,  or  fifteen  times,  and  washed  quickly  after  each  dip.  This  method  is 
said  to  preserve  even  the  finest  plexuses. 

7.  Flechsig  recommends  log-wood  for  staining  rather  than  hsematoxylin. 
To  1 part  pure  extract  of  Japanese  log-wood,  10  parts  absolute  alcohol,  and 
900  parts  distilled  water,  add  5 grms.  of  a saturated  solution  of  sulphate  of 
sodium  and  5 grms.  of  a saturated  solution  of  tartaric  acid.  Let  the 
sections  remain  in  this  solution  for  eight  days  at  a temperature  of  35  C. 
Decolourise  by  Pal’s  method. 

Weigert’s  recently  published  method  of  gleia-staining  discloses,  perhaps, 
most  fully  the  behaviour  of  the  neurogleia  in  the  cortex. 
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Fresh  pieces  of  cortex  cerebri  from  the  human  brain,  not  more 
than  1£  centimeter  thick,  are  placed  to  fix  and  macerate  in  a fluid 
made  as  follows: — Boil  2§  parts  chromate  of  alum  with  100  parts 
water  in  a closed  enamelled  pan.  W hen  it  boils  fast,  turn  out  the  flame 
and  add  first  5 parts  acetic  acid,  and  then  5 parts  finely  powdered 
neutral  acetate  of  copper.  Stir  well  with  a glass  tube  until  the  copper 
salt  is  almost  entirely  dissolved. 

The  fluid  should  be  changed  on  the  second  day.  In  eight  days  the 
pieces  will  be  hardened;  they  should  then  be  transferred  to  alcohol, 
embedded  in  celloidin,  and  cut.  Next,  the  sections  are  placed  for  ten 
minutes  in  a one-third  saturated  solution  of  permanganate  of  potash,  and 
washed  by  pouring  water  over  them  after  the  potash  solution  has  been 
carefully  drained  off.  The  following  reducing  fluid  is  then  poured  over 
them  : — Chromogen,  5 parts ; formic  acid  (specific  gravity  1 '20),  5 parts  ; 
water,  100  parts.  To  90  parts  of  this  solution  add  10  parts  10  per  cent, 
solution  of  sulphide  of  sodium. 

The  sections  should  be  left  in  this  fluid  from  two  to  four  hours,  and 
then  carefully  washed  and  placed  next  day  in  a well-filtered  5 per  cent, 
watery  solution  of  chromogen. 

They  are  then  washed  twice,  and  placed  on  the  slide  to  undergo  the 
actual  process  of  staining.  The  slide  is  well  cleaned  with  alcohol  and  the 
preparation  laid  quite  flat  on  it,  and  dried  with  smooth  blotting-paper.  A 
little  of  the  staining-fluid  is  then  dropped  on  it.  The  fluid  consists  of 
saturated  solution  of  methyl-violet  in  70  or  80  per  cent,  alcohol,  100 
parts  ; 5 per  cent,  watery  solution  of  oxalic  acid,  5 parts. 

The  staining  is  almost  instantaneous.  The  section  should  be  dried,  and 
solution  of  biniodide  of  potassium  (saturated  solution  of  iodine  in  5 per 
cent,  solution  of  iodide  of  potassium)  dropped  upon  it.  After  a short 
interval  it  should  be  dried  again,  and  the  process  repeated,  this  time  with 
equal  parts  of  anilin  and  xylol.  With  this  it  should  be  thoroughly  washed, 
and  after  that  carefully  washed  again  with  pure  xylol.  Mount  in  Canada 
balsam.  It  is  well  to  expose  the  finished  preparation  to  diffuse  daylight  for 
some  days. 

In  sections  treated  by  this  method  the  neurogleia-fibres  are  sharply 
defined  in  blue  ; the  fibrin  and  nuclei  are  also  blue ; while  the  nerve-cells 
and  larger  axis-cylinders  are  brownish-yellow.  The  cell-bodies  of  the  gleia- 
cells  remain  uncoloured.  From  observations  on  his  own  preparations 
Weigert  therefore  takes  the  view  that  in  adult  man  the  neurogleia-fibres  do 
not  represent  processes  of  the  gleia-cells,  but  are  merely  superficially 
attached  to  them. 

Kultschitzky’s  is  as  follows : Harden  the  tissue  in  a mixture  made 
by  dissolving  in  50  per  cent,  alcohol,  to  which  a little  acetic  acid  (!,  to  1 
per  cent.)  has  been  added,  as  much  bichromate  of  potash  and  sulphate  of 
copper  as  it  will  hold  in  solution.  (This  should  be  done  in  the  dark.) 
After  remaining  in  this  fluid  for  some  time  (two  or  three  months,  according 
to  size)  the  tissue  is  further  hardened  in  strong  alcohol.  This,  too,  is  best 
done  in  the  dai-k.  Embed  in  paraffin,  never  in  celloidin. 
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Staining  fluid : 2 per  cent,  acetic  acid,  100  parts ; acid  rubin,  0'25 
part ; saturated  watery  solution  of  picric  acid,  100  parts.  Three  parts  of 
this  mixture  are  added  to  100  parts  96  per  cent,  alcohol,  the  sections 
are  placed  in  it  for  half  an  hour  or  more,  and  are  then  twice  washed  in 
alcohol.  Carbol-xylol,  varnish. 

For  the  purpose  of  distinguishing  the  gelatin iferous  connective-tissue 
from  the  neurogleia  in  sections  treated  by  his  own  modification  of 
Ivultschitzky’s  method  (p.  22),  J.  Schaffer  recommends  that  they  should 
be  kept  for  a long  time  (days  or  weeks)  in  a very  thin  solution  of  eosin 
(about  2 drops  of  a 1 per  cent,  watery  solution  to  10  cubic  centimeters 
of  water).  By  this  process  the  fibres  of  the  neurogleia  show  white,  the 
connective-tissue  remaining  brown.  This  differentiation  succeeds  as  a rule 
only  in  the  peripheral  parts  of  the  section. 


METHODS  OF  IMPREGNATING  WITH  METALS. 

Of  the  principal  methods  of  colouring  by  impregnation  only  a few  of  the 
chief  need  be  mentioned. 

1.  Exner’s  Perosmic  Acid  Method. — Quite  small  pieces  of  nerve-tissue 
(at  the  outside  not  more  than  a centimeter  thick)  are  placed  in  a sufficient 
quantity  of  1 per  cent,  perosmic  acid  solution.  The  solution  is  changed  at 
least  once  every  two  days,  oftener  when  the  pieces  are  large.  In  five  to  ten 
days  the  pieces  are  darkly  coloured,  but  they  may  remain  for  a longer  time  in 
the  solution.  [Good  results  are  often  obtained  in  twelve  to  twenty-four  hours  ; 
the  preparations  should,  while  in  the  osmic  acid,  be  kept  in  the  dark.]  The 
preparation  is  then  washed  [a  quarter  to  half  an  hour  in  running  water  is 
by  no  means  too  long  to  remove  all  traces  of  dissolved  osmic  acid  and 
prevent  subsequent  precipitation  on  the  addition  of  alcohol],  placed  for  a few 
seconds  in  alcohol,  embedded  and  cut.  The  sections,  which  must  be  very 
thin,  are  cleared  in  glycerin,  lifted  with  adhering  glycerin  on  to  a slide,  on 
which  a drop  of  strong  ammonia-water  has  previously  been  placed,  and 
covered  with  a cover-glass  after  exposure  to  the  air  for  a few  minutes. 

Even  the  finest  medullated  fibres  are  stained  dark  grey.  The  fault  of 
this  excellent  method  is  that  the  preparations  quickly  degenerate  and  aie 
often  useless  in  a few  days.  [Permanent  preparations,  although  with  some 
faults  incidental  to  the  solution  of  the  fat,  are  obtained  by  mounting  the 
section,  after  the  usual  dehydration,  in  Canada  balsam.]  The  method  can 
only  be  applied  to  very  small  pieces  of  tissue. 

An  excellent  method  of  staining  medullated  fibres  in  osmic  acid  was 
introduced  by  Azoulay.  The  tissue  is  hardened  in  Muller’s  fluid,  then  in 
alcohol,  and  embedded  in  celloidin  in  the  usual  way.  The  sections  arc 
washed  and  placed  for  five  minutes  to  a quarter  of  an  hour  in  a weak  watery 
solution  of  osmic  acid  (1  to  500  or  1000),  washed  quickly  in  water  and 
transferred  to  a 5 per  cent,  to  10  per  cent,  solution  of  tannic  acid.  In  this 
they  remain  at  a temperature  of  50°  C.  until  they  have  acquired  the 
requisite  depth  of  colour  (which  they  do,  on  an  average,  in  five  minutes), 


IMPREGNATION  WITH  METALS. 


25 


or  they  may  be  merely  heated  until  the  fluid  gives  off  steam.  They  arc 
then  well  washed  and,  in  some  cases,  stained  in  carmine  or  eosin.  further 
treatment  as  usual. 

This  method  is  certain,  simple,  very  rapid,  and  particularly  useful  in 
the  examination  of  nerve-roots  and  peripheral  nerves,  parts  which  are  often 
difficult  to  prepare  satisfactorily  with  hsematoxylin  staining. 

2.  Gold. The  object  of  gold-staining  is  almost  invariably  to  render  the 

axis-cylinders  conspicuous.  Beautiful  as  gold  preparations  occasionally  are, 
all  methods  of  this  sort  must  be  regarded  as  more  or  less  uncertain,  at  least 
in  the  case  of  the  central  nervous  system.  They  are  consequently  little 
used. 

3.  The  Sublimate  Colouring  of  Golgi.— Little  pieces  of  the  central 
nervous  system  are,  after  thorough  hardening  in  bichromate  of  potassium, 
placed  in  a 025  per  cent,  watery  solution  of  corrosive  sublimate.  The 
fluid  is  renewed  as  often  as  it  becomes  coloured  yellow,  and  the  concentra- 
tion of  the  solution  may  be  raised  to  0-5  or  even  1 per  cent.  Small  pieces 
are  saturated  in  eight  to  ten  days,  but  the  longer  they  are  left  the  more 
thoroughly  are  they  permeated — larger  pieces  require  a long  time ; and  they 
may  remain  in  the  solution  without  harm  for  years.  The  pieces  are  now 
cut,  and  despite  their  very  favourable  consistence  the  sections  need  not 
be  made  very  thin ; they  must  be  well  washed,  however,  else  after  some 
weeks  numerous  acicular  crystals  of  corrosive  sublimate  will  be  seen. 
Subsequent  treatment  as  usual. 

With  low  and  moderate  magnification  certain  nerve  and  connective- 
tissue  cells  as  well  as  connective-tissue  fibres  appear  intensely  black.  This 
colour  is  due  to  a hue  crystalline  precipitation  in  the  tissue  spaces  [or 
lymph  spaces]  around  the  tissue-elements. 

Pal  has  invented  an  improved  sublimate  method.  It  consists  in  treating 
the  sections  with  sodic  sulphide  (Na2S),  which  gives  more  precise  figures, 
black  even  with  a high  power.  1 0 grins,  of  caustic  soda  are  dissolved  in 
1000  gnus,  of  water;  half  of  this  is  saturated  with  sulphuretted  hydrogen, 
mixed  with  the  other  half  and  kept  in  a well  stoppered  bottle.  The  sections 
are  carefully  washed  and  lifted  from  the  sublimate  solution  into  this  fluid, 
and  remain  there  until  the  spots,  at  first  white,  become  black.  Subsequent 
treatment  as  usual. 

Fledmg  has  invented  a combination  of  the  sublimate  colouring  of  Golgi 
and  medullary-sheath  staining,  which  is  said  to  give  particularly  beautiful 
figures.  The  tissue  is  impregnated  with  sublimate  as  in  the  former  method, 
and  the  sections,  after  being  stained  in  log-wood  in  the  way  already  described 
(p.  22)  and  decolourised  by  Pal’s  method,  are  transferred  to  a mixture  of 
5 drops  of  double  chloride  of  gold  and  potassium,  with  20  cubic  centimeters 
absolute  alcohol.  In  this  they  remain  until  the  precipitates  formed  by  the 
sublimate  have  turned  black,  and  the  red  bundles  of  nerves  have  assumed  a 
bluish  colour.  They  are  then  washed  quickly  in  a mixture  of  l drop  of 
5 per  cent,  solution  of  potassium  cyanide  to  10  grms.  distilled  water. 
Dehydrate  and  clear. 
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Cox’s  method,  as  recommended  by  Ramdn  y Cajal,  yields  particularly 
beautiful  results  when  applied  to  brain-cortex.  Make  a mixture  of — 

Potassium  bichromate,  5 per  cent,  solution,  . . .20  parts 

Sublimate  solution,  5 per  cent.,  . . . . 20  ,, 

Strong  alkaline  solution  of  simple  chromate  of  potassium,  . 16  ,, 

Distilled  water,  . . . . . . 30  to  40  ,, 

Pieces  of  tissue  (not  too  large)  from  the  central  nervous  system  are 
placed  in  this  mixture  for  two  or  three  months  or  even  longer,  then  well 
washed  in  90  per  cent,  alcohol,  for  half  an  hour  at  least,  and  afterwards 
mounted  and  treated  like  silver  preparations.  Sections  so  prepared  allow 
of  the  subsequent  employment  of  many  other  staining  methods  (alum- 
hsematoxylin,  for  example). 

4.  Impregnation  with  Silver. — This  method,  introduced  by  Golgi  long 
ago,  and  greatly  modified  and  improved  of  late,  has  now  assumed  a place 
of  the  first  importance.  In  the  hands  of  various  eminent  anatomists,  among 
whom,  besides  Golgi,  we  may  name  Kolliker,  Lenhossek,  Ram6n  y Cajal, 
Retzius,  and  van  Gehiichten,  it  has  yielded  results  which  may  fairly  be 
said  to  inaugurate  a new  era  in  anatomical  science  as  far  as  it  deals  with 
the  structure  of  the  central  nervous  organs. 

In  the  case  of  tissue  taken  from  the  full-grown  animal  or  human  subject 
the  so-called  slow  method  of  Golgi  is  generally  the  best.  Small  pieces  (not 
more  than  1 or  2 centimeters  thick)  are  placed  for  twenty  or  thirty  days  in 
a 2 per  cent,  solution  of  bichromate  of  potassium  to  harden,  and  then  trans- 
ferred to  a 0'75  per  cent,  solution  of  nitrate  of  silver.  A piece  is  then  fixed 
on  a cork  with  gum  and,  after  remaining  for  a short  time  in  absolute 
alcohol,  is  cut  into  thick  sections,  which  are  dehydrated  quickly,  cleared  in 
carbol-xylol,  mounted  on  a slide,  and  covered  with  a drop  of  xylol  dammar 
without  a cover-glass. 

The  rapid  method,  as  brought  to  perfection  by  Ramon  y Cajal,  is,  however, 
more  generally  used,  although  it  is  not  always  successful  when  applied  to 
the  fully-developed  organ.  Pieces  of  tissue,  as  fresh  as  possible,  are  placed 
in  a mixture  of  1 part  1 per  cent,  osmic  acid  to  4 of  3 5 per  cent,  solution 
of  bichromate  of  potash.  In  this  fluid,  which  should  be  used  with  a liberal 
hand,  the  pieces  remain  from  two  to  seven  days  in  the  dark  and  at  a 
temperature  of  about  25°  C.  The  particular  tissue  which  takes  the  stain 
depends  on  the  length  of  time  for  which  the  chrome-osmic  solution  is  allowed 
to  act.  On  Lenhossek’s  calculation  a good  time  for  the  human  spinal  cord 
is,  (1)  for  the  neurogleia,  two  to  three  days;  (2)  for  nerve-cells,  three  to 
five  days ; (3)  for  nerve-fibres,  five  to  seven  days. 

At  the  end  of  this  time  the  tissue  is  washed  in  a weak  silver  solution  till 
no  further  precipitation  takes  place,  and  is  then  put  into  the  0'75  solution 
of  nitrate  of  silver.  The  impregnation  is  at  its  best  in  from  two  to  six 
days ; the  tissue  suffers  if  left  longer  in  the  nitrate  of  silver.  The  pieces 
are  lifted  out  and  placed  for  fifteen  to  twenty  minutes  in  96  per  cent.,  and 
for  an  equal  length  of  time  in  absolute  alcohol.  Next,  they  are  put  into 
ether-alcohol  or  thin  celloidin  for  about  another  quarter  of  an  hour,  and 
then  for  a little  while  into  thick  celloidin.  Finally,  they  are  fixed  on  cork 
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with  thick  celloidin,  put  into  80  per  cent,  alcohol,  and  cut  as  soon  as  its 
bed  is  set.  The  further  treatment  is  the  same  as  in  the  slow  method,  and 
the  sections  are  mounted  in  dammar  varnish  without  a cover-slip.  Van 
Gehiicliten  advises  the  quick  drying  of  the  dammar  varnish  in  the  incubatoi 
at  40°  C.  It  may  be  taken  as  a general  rule  that  the  time  necessary  for 
the  reaction  of  the  several  agents  must  be  determined  to  a great  extent  by 
the  character  of  the  tissue  under  treatment. 

A quick  method  of  hardening  the  brain  tissue  of  adults  is  recommended 
by  Strong.  Small  pieces  are  placed  in  2 to  3 per  cent,  solution  of  lithium 
bichromate  for  one  or  two  days.  Further  treatment  as  usual. 

The  method  of  staining  by  double  impregnation , introduced  by  Ramon  y 
Cajal  and  warmly  recommended  by  Lenliossek,  gives  particularly  successful 
results,  even  in  such  preparations  as  cannot  easily  be  darkened  by  other 
methods.  The  tissue,  previously  treated  by  the  rapid  silver  method  in  the 
usual  way,  is  put  back  for  a couple  of  days  into  the  chrome-osmic  solution 
(either  that  already  used  or  a fresh  mixture  with  a rather  smaller  pro- 
portion of  osmic  acid),  and  finally  returned  to  the  silver  solution  for  a few 
days.  In  some  cases  this  process  may  be  repeated  a third  time. 

Preparations  which  have  been  kept  for  some  time  in  formol  can  be  further 
treated  by  the  rapid  silver  method  ( Lenliossek ). 

A peculiarity  of  silver  impregnation  is  that  it  never  stains  more  than 
a small  proportion  of  the  tissue-elements  subject  to  it.  Thus,  in  a group  of 
ten  nerve-cells  we  may  find  only  one  affected,  but  that  one,  in  compensation, 
will  be  darkened  in  every  branch,  and  down  to  its  last  and  finest  ramifica- 
tion. This  circumstance  is  not  without  its  advantages,  for  if  all  the  cells 
were  stained  alike  it  would  be  impossible  to  trace  the  branches  connected 
with  any  one  of  them  through  the  complicated  maze  of  fibres. 

In  examining  silver  preparations  the  student  must  bear  in  mind  that 
the  nitrate  is  very  apt  to  form  precipitates  (in  the  periphery,  for  example) 
quite  independent  of  the  cell-protoplasm  or  other  tissue-elements  stained, 
and  that  under  the  microscope  these  precipitates  present  many  deceptive 
figures  which  do  not  answer  to  anything  in  the  structure  of  the  tissue. 
Above  all,  let  him  beware  of  certain  moss-like  figures  with  fine  ramifications, 
which  appear  constantly  and  have  been  interpreted  and  reproduced  again 
and  again  as  representing  actual  elements  in  the  tissue.  With  very  high 
magnification  these  moss-like  figures  are  seen  to  consist  of  a central  fibre  of 
the  thickness  of  a hair,  with  lateral  excrescences,  acicular,  spherical  and 
club-shaped,  which  are  often  of  a totally  different  colour  from  the  central 
mass. 

Numerous  other  modifications  of  these  methods  have  been  proposed 
besides  those  we  have  enumerated. 
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3.  THE  INVESTIGATION  OF  THE  CENTRAL  NER- 
VOUS SYSTEM  IN  EMBRYONIC  AND  PATHO- 
LOGICAL CONDITIONS. 

The  methods  arrange  themselves  in  five  groups : — 

(a.)  In  the  early  periods  of  foetal  life  all  nerve-fibres  are  destitute  of 
medullary  sheaths,  so  that  to  the  unaided  eye  the  central  nervous  system 
appeal's  almost  uniformly  transparent,  and  of  a red-grey  colour.  During 
further  development  all  nerve-fibres  are  not  surrounded  simultaneously  with 
medullary  sheaths.  White  patches  appear  at  different  periods,  owing  to 
the  successive  acquisition  by  the  nerves  of  their  medullary  sheaths,  which 
occurs  first  in  peripheral  nerves  and  later  in  the  central  system  ; the  ground- 
tissue  remains  grey.  Fleelisig  was  the  first  to  show  that  the  protection  of 
the  nerves  with  myelin  does  not  take  place  at  haphazard,  but  according  to 
determined  laws ; hence  important  conclusions  as  to  the  structure  and 
development  of  the  system  may  be  drawn  from  an  observation  of  this 
process.  By  making  use  of  this  method  of  inspection  it  is  possible  to  pick 
out  and  follow  definite  groups  of  fibres  which  later  on  are  lost  in  the  chaos 
of  tracts.  It  is  also  possible  by  this  method  to  distinguish  in  an  apparently 
uniform  nerve-tract  constituents  which,  developing  at  different  periods, 
must  have  separate  functions,  and  it  may  be  assumed  that  the  functional 
activity  of  a nerve-fibre  begins  only  when  it  is  fully  developed ; Bechterew 
found  the  pyramidal  tracts  medullated  at  birth  in  all  animals  which  can 
stand  and  run  as  soon  as  they  are  born,  while  in  others  they  acquire  the 
medullary  sheaths  later.  The  conclusion,  therefore,  may  be  safely  accepted, 
that  the  fibres  which  first  attain  to  a full  development  are  the  first  to  come 
into  use. 

This  last  assumption  gains  confirmation  from  what  Flechsig  has  shown  to 
be  the  fact,  namely,  that  in  animals  prematurely  bom  the  fibres  of  the 
nervus  and  tractus  opticus  acquire  the  medulla  very  rapidly,  and  therefore 
that  (in  consequence  of  the  functional  activity  of  the  visual  organs)  the 
development  of  the  medullary  sheaths  takes  place  much  earlier  in  them 
than  in  those  which  remain  the  full  time  in  the  uterus.  The  results 
obtained  by  Ambronn  and  Held  from  the  examination  of  the  nervous 
system  in  new-born  animals  by  polarised  light  point  in  the  same  direction. 
By  the  last-named  method  we  are  able  to  observe  the  successive  stages  of 
development  in  the  medullary  sheaths  with  greater  precision  than  by  any 
other. 

The  particular  stages  at  which  they  acquire  their  structural  completeness 
must  be  noted,  even  when  these  occur  in  extra-uterine  life.  No  suffi- 
ciently exhaustive  investigation  of  development  under  the  latter  conditions 
has  as  yet  been  set  on  foot. 

Weigert’s  htematoxylin  method  with  its  certainty  and  simplicity  has 
greatly  helped  in  the  investigation  of  the  time  of  myelination  of  nerves. 

It  is  sometimes  taken  for  granted  that  a nerve-fibre,  no  matter  how  long 
(reaching,  it  may  be,  from  the  brain  to  the  lumbar  cord),  gets  its  myelin- 
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sheath  throughout  its  whole  length  at  one  time.  This  proposition  is  not 
proved,  and  it  is  well  in  using  Flechsig’s  method  to  bear  in  mind  the  possi- 
bility of  a difference  in  time  in  the  acquisition  of  myelin  by  different  parts 
of  the  nerve.  It  is  also  believed  by  many  that  a nerve  acquires  its  myelin 
in  the  direction  in  which  it  subsequently  conducts. 

Embryonic  conditions  of  the  nervous  system  are  particularly  favourable 
for  the  investigation  of  the  course  of  nerve-fibres  by  the  method  of  silver 
impregnation,  owing  to  the  absence  of  medullary  sheaths. 

(, b .)  But  there  is  another  way  in  which  embryology  comes  to  the  assist- 
ance of  anatomical  science  in  the  study  of  brain-structure.  By  comparing 
the  exterior  and  interior  conformation  of  the  brain  at  different  stages  of 
development,  especially  with  a view  to  gaining  a clearer  understanding  of 
the  way  in  which  the  several  parts  build  themselves  up,  we  arrive  at 
important  disclosures  concerning  their  anatomical  value.  By  this  method 
it  has  been  discovered  that  the  olivary  bodies  and  the  neighbouring  groups 
of  cells  arise  from  the  same  morphological  rudiment  as  the  hemispheres  of 
the  cerebrum  and  cerebellum  (Hi#). 

(c.)  When  a nerve  (whether  within  or  without  the  cerebro-spinal  axis)  is 
cut  through,  its  peripheral  end  degenerates  quickly.  It  is  similarly  the 
case  that  if  a certain  part  of  the  white  or  grey  substance  of  the  cerebro- 
spinal axis  is  destroyed,  by  a tumour  or  haemorrhage,  for  example,  individual 
groups  of  fibres  atrophy.  The  laws  of  this  secondary  degeneration — as 
this  form  of  atrophy  is  called — are  only  partially  known,  although  our 
knowledge  of  them  has  been  greatly  extended  of  late  years.  We  suppose, 
without  being  able  to  advance  irrefutable  proof,  that  every  nerve-fibre  is 
nourished  by  the  cell  with  which  it  is  connected — its  trophic  centre.  If  the 
trophic  centre  is  destroyed,  or  if  the  nerve-fibre  is  severed  from  it,  the  nerve 
necessarily  dies.  When  a nerve-route  in  the  central  system  is  cut  through, 
the  part  severed  from  its  trophic  centre  degenerates,  though  that  which 
remains  in  connection  was  originally  said  to  remain  intact  (Waller’s  law). 
For  most  nerve-tracts,  we  cannot  say  for  all,  it  is  proved  that  degeneration 
progresses  in  the  direction  in  which  the  impulses  are  in  the  habit  of 
travelling  along  the  fibre. 

We  are,  unquestionably,  much  indebted  for  our  present  knowledge  of 
the  course  of  fibres  in  the  central  nervous  system  to  the  formulation  of 
Waller’s  law,  though  the  experiments  of  the  last  few  years  have  demon- 
strated beyond  the  possibility  of  doubt  that  in  its  original  form,  as  stated 
above,  the  theory  is  no  longer  tenable. 

It  has  been  proved  that  in  most  cases  that  part  of  the  nerve  which 
remains  in  connection  with  the  cell  degenerates  also,  the.  degeneration 
extending  even  to  the  cell  itself ; though  decay  is  far  more  rapid  and  com- 
plete in  the  severed  portion  (Forel,  Bergmann).  On  the  other  hand,  it  may 
be  observed  that  in  slow  degeneration  of  the  nerve-cells  of  the  cornu 
anterius  (chronic  poliomyelitis  anterior)  the  anterior  nerve-roots  starting 
from  these  cells  are  sometimes  found  very  slightly  degenerated  ( Oppenheim ). 

The  first  results  of  any  importance  gained  by  the  degeneration-method 
are  associated  with  the  name  of  L.  Tiirck.  With  the  help  of  secondary 
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degeneration  we  may  now  follow  with  exactitude  the  whole  course  of  certain 
fibre-tracts  and  even  of  single  nerve-fibres.  By  Weigert’s  hcematoxylin 
method  we  can  make  the  degenerated  parts  stand  out  sharply  from  the 
healthy  tissue  by  the  brightness  of  their  colour. 

Where  the  degeneration  is  not  of  very  long  standing,  good  results  are 
given  by  the  chrome-osmic  staining  of  Marchi  and  Algeri.  The  tissue  is 
hardened  for  a week  at  least  in  Muller’s  fluid  (a  longer  time  does  it  no 
harm).  Thin  slices  (at  the  outside  not  more  than  half  a centimeter  thick) 
are  placed  directly,  without  washing,  in  a mixture  of  2 parts  Muller’s 
fluid  to  1 of  1 per  cent,  solution  of  perosmic  acid  and  left  in  it  for  five 
to  eight  days,  preferably  at  a temperature  of  28°  C.,  then  washed  and 
treated  with  alcohol  and  celloidin.  The  finished  sections  are  dehydrated  in 
alcohol,  cleared  in  carbol-xylol,  and  mounted  in  dammar  varnish  without 
a cover-slip.  Normal  nerve-fibres  are  recognisable  by  their  light  brown 
colour,  while  the  medullary  sheath  of  degenerated  fibres  is  marked  by  the 
appearance  of  numerous  deep  black  globules  of  varying  size.  Small  black 
dots  are  also  found  scattered  about  in  normal  nerve-tissue  when  freshly 
prepared,  and  in  judging  of  such  preparations  care  must  be  taken  not  to 
confound  these  with  the  larger  degeneration-spots.  It  will  be  observed 
that  many  of  these  granules  lie  between  the  nerve-fibres,  but  none  in  the 
larger  septa. 

If  the  sections,  taken  as  a whole,  are  somewhat  dark,  they  may  be 
decolourised  by  Pal’s  method  (see  p.  21),  with  permanganate  of  potash, 
and  sulphurous  acid. 

Marchi' s method  of  staining  is  most  sensitive  to  degenerative  changes  in 
nerve-tissue.  Very  slight  injuries  to  the  skull,  etc.,  sometimes  set  up 
serious  degeneration,  even  in  distant  parts,  which  can  be  discerned  only  by 
this  method  ( Bikeles ).  It  is  also  the  only  method  by  which  the  fat-granule- 
cells  can  be  made  permanently  visible  in  their  position  relative  to  the  other 
tissue-elements  in  sections. 

[The  essential  nerve-fibre,  the  axis-cylinder,  is  from  origin  to  termina- 
tion a process  of  a nerve-cell.  The  nerve-cells  are  brought  into  relation 
with  one  another  by  branching  processes ; but  whether  the  ultimate  twigs 
are  permanently  united,  or  whether  they  are  merely  placed  in  physiological 
continuity,  as  occasion  requires,  is  a question  on  which  opinions  differ  (c/. 
p.  157).  Most  histologists  hold  the  latter  view.  The  central  system 
offers  a varietj'  of  alternative  routes  to  the  afferent  impulse.  Wherever 
a long  efferent  fibre  starts  from  the  system,  the  cell  of  which  it  is 
a process  and  from  which  it  grows  out,  is  found  to  present  a size 
proportional  .to  that  of  the  fibre  to  which  it  gives  origin,  and  over 
the  nutrition  of  which  it  permanently  presides.  At  its  distal  end 
the  fibre  branches  for  the  purpose  of  establishing  a connection  with 
the  region  towards  which  it  grows  out.  No  nutriment  is  received 
from  this  dendritic  termination  backwards  along  the  fibre,  but  through- 
out its  whole  length  the  fibre  depends  for  its  vitality  upon  its  connection 
with  the  cell  from  which  it  sprang.  The  nerve-fibre  dies  when  cut 
off  from  the  cell  of  which  it  is  a process.  From  this  account  of 
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the  nutrition  of  nerve-fibres,  it  will  be  understood  that  within  the  cerebio- 
spinal  axis,  motor  (descending)  fibres  degenerate  below  the  level  of  section ; 
sensory  (ascending)  fibres  degenerate  above  this  level.  The  portions  of  the 
white  columns,  in  the  immediate  vicinity  of  the  grey  matter,  consist  of 
fibres  which  connect  together  neighbouring  regions  of  the  plexus,  and  it  is 
consequently  very  difficult  to  obtain  evidence  as  to  the  direction  in  which 
they  die ; for  the  fibres  which  the  lesion  destroys  are  so  short,  that  even  in 
a section  taken  a little  way  above  or  below  the  lesion,  the  same  situation  in 
the  axis  is  already  occupied  by  other  sets  of  fibres. 

When  an  anterior  spinal  nerve-root  is  cut,  the  fibres  below7  the  section 
die,  as  shown  by  Waller.  The  distal  portion  of  the  root  degenerates  com- 
pletely, as  do  also  all  the  fibres  which  the  anterior  root  yields  to  the  mixed 
nerve.  When  the  posterior  root  is  cut  proximally  to  its  ganglion,  all  its 
fibres  die  between  the  section  and  the  spinal  cord ; all  the  fibres  between 
the  section  and  the  ganglion  live.  Until  recently  it  was  thought  that  if 
the  posterior  root  is  cut  on  the  distal  side  of  the  ganglion,  all  the  fibres 
between  the  section  and  the  ganglion  live,  while  all  those  which  the  section 
severs  from  the  ganglion  die.  This  has  been  shown  by  Max  Joseph  not  to 
be  quite  correct ; the  greater  number  of  the  fibres  of  the  posterior  root 
depend  for  their  nutrition  upon  the  cells  of  the  spinal  ganglion,  but  a 
certain  small  proportion  of  them  have  their  nutritive  centres  nearer  to  the 
periphery.  So  at  least  wTe  may  infer  from  the  fact  that  some  fibres  die 
right  through  those  portions  of  the  root  which  are  still  attached  to  the 
ganglion  on  both  its  proximal  and  distal  sides.  The  undegenerated  fibres 
which  should  be  found  in  the  peripheral  nerve  have  not  been  recognised  as 
yet  however.  The  difference  between  the  fibres  of  the  anterior  and  posterior 
roots,  as  regards  their  behaviour  to  section,  has  only  been  intelligible  since 
II is,  Froriep,  and  Beard,  have  shown  us  that  while  anterior  roots  grow7  out 
from  the  spinal  cord,  the  spinal  ganglia  are  formed  from  epiblastic  thicken- 
ings outside  and  independent  of  the  primitive  neural  plate,  the  cells  of 
which  give  off  processes  which,  growing  inwards  towards  the  cord  and  out- 
wards towards  the  periphery,  constitute  the  posterior  roots  and  sensory 
nerves  respectively. 

If  the  degeneration  method  is  to  be  made  vise  of,  it  is  desirable  that  the 
alteration  in  appearance  presented  by  the  dying  nerves,  and  the  time  of 
onset  of  the  successive  phases  in  these  alterations,  should  be  understood. 

In  this  investigation  it  is  of  the  highest  importance  to  bear  in  mind 
that,  while  the  axis-cylinder  is  the  process  of  a cell  in  the  central  system, 
the  myelin-sheath  by  which  it  is  surrounded  is  formed  from  many  cells 
which  have  an  independent,  although  probably  epiblastic,  origin. 

Section  of  a nerve  results  in  the  death  of  its  axis-cylinder.  It  seems, 
however,  that  as  long  as  it  lives  the  axis-cylinder  exercises  a restraining  in- 
fluence upon  the  nutrition  of  the  myelin-cells  by  which  it  is  surrounded ; 
their  tendency  to  form  additional  protoplasm,  to  grow7  and  multiply  is 
maintained  at  a minimum ; their  fatty  metabolite,  upon  the  existence  of 
which  depends  their  usefulness,  is  present  in  maximum  quantity.  When 
the  axis-cylinder  dies  the  myelin-cells  enjoy  a sudden  exaltation  of  nutritive 
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activity,  their  protoplasm  accumulates,  their  fatty  metabolite  is  absorbed ; 
their  nuclei  increase  in  size,  develop  regular  active  chromatin  skeins  and 
initiate  cell-division.  This  condition  of  sur-activity  soon  begins  to  wane, 
accumulation  of  protoplasm  ceases,  the  cells  shrink  and  assume  a stable 
form.  Finally,  the  degenerated  nerve  comes  to  resemble  a cord  of  connec- 
tive-tissue. 

A nerve-fibre  has  essentially  the  same  structure  whether  it  occurs  within 
or  without  the  axis.  It  consists  of  the  real  fibre,  the  cell-process  or  axis- 
cylinder,  invested  by  myelin-cells,  each  of  which  is  a hollow  cylinder  filled 
with  phosphatic  fat.  While  within  the  axis  fibre  and  myelin-cells  are  sup- 
ported by  a neurogleia-sheath.  When  running  through  mcsoblastic  tissues, 
they  are  invested  with  a connective-tissue  sheath,  the  sheath  of  Henle. 

A peripheral  nerve  completely  loses  its  irritability  (in  a warm-blooded 
animal)  within  forty-eight  hours  after  section.  Even  by  this  time  a distinct 
change  is  visible  to  the  naked  eye.  Owing  to  the  already-commencing 
accumulation  of  protoplasm  in  the  medullary  sheath,  at  first  about  the 
nuclei,  with  coincident  absorption  of  myelin,  the  fibre  looks  less  solidly 
white,  and  glistening.  In  about  twenty  days  ( Ranvier ) the  myelin  only 
remains  in  drops,  which  here  and  there  distend  the  sheath  of  Schwann. 

Within  the  fresh  cord  a degenerated  area  is  recognisable  by.  the  fifth 
week  after  injury  as  a milky  patch.  In  three  or  four  months  it  becomes 
less  white,  then  grey,  transparent  and  gelatinous  in  appearance  (Sherring- 
ton). Finally,  it  is  indistinguishable  until  after  hardening  of  the  cord.  In 
the  cord,  hardened  in  bichromate  of  potassium,  the  degenerated  area  is 
visible  at  an  earlier  stage  than  in  the  fresh  cord  (in  the  cervical  and  dorsal 
regions  in  nine  days — Sherrington)  as  an  area  lighter  in  colour  and  yellower 
than  the  surrounding  white  matter.  For  about  the  first  six  months  after 
injury  the  distinctness  of  the  degenerated  tract  increases.  After  this  time 
it  begins  to  shrink.  In  sections  stained  with  carmine  or  acid  fuchsin 
degenerative  changes  can  be  recognised  in  about  a week  (in  the  posterior 
columns  in  three  days,  in  the  lateral  pyramidal  tract  in  five,  in  the  direct 
cerebellar  tract  in  seven — Hombi).  At  first  the  axis-cylinder  appears 

thicker  than  normal  and  granular,  and  stains  less  darkly  with  carmine  and 
more  darkly  than  normal  with  acid  fuchsin.  The  myelin-sheath  begins  to 
stain,  especially  at  its  inner  part,  more  distinctly  with  carmine  and  less  dis- 
tinctly with  acid  fuchsin  or  Weigert’s  hematoxylin.  Absorption  of  fat  and 
proliferation  of  the  myelin  and  neurogloia  cells  then  ensues,  in  the  same 
manner  as  already  described  for  peripheral  nerves.  In  a carmine-stained 
section  the  degenerated  area  is  recognisable  for  a long  period  with  a low 
power  as  a dark  red  patch,  although  its  power  of  staining  gradually 
diminishes.] 

(cl.)  Essentially  different  to  the  methods  we  have  just  been  describing 
is  the  plan  introduced  by  Gudden,  which  also  has  yielded  important  results. 
There  are  points  of  similarity  certainly  between  this  method  and  the 
method  of  secondary  degeneration ; but  in  Guddcn’s  method  lesions  are 
produced  only  on  new-born  animals  (rabbits,  puppies,  and  kittens).  In 
such  subjects  the  nervous  system  is  still  in  a partly-embryonic  condition, 
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and  we  have,  therefore,  arrested  development  as  well  as  secondary  de- 
generation combined  in  the  results  of  the  injury. 

The  still-growing  cell-groups  stand  in  quite  a different  relation  to  the 
destroyed  conducting  paths  to  that  in  which  they  woidd  do  if  they  belonged 
to  a fully-developed  functional  organ  which  had  already  obtained  a certain 
stability  of  structure.  Accordingly  we  find  that  in  a new-born  animal 
the  degeneration  of  the  central  end,  as  well  as  of  its  cells  of  origin,  after 
the  severance  of  a motor  nerve  is  far  more  certain  and  complete  than  in 
one  fully  grown.  We  also  find  that,  in  the  new-born  animal,  when  one 
system  is  destroyed  the  degeneration  may  extend  to  a second,  functionally 
dependent  on  the  first.  In  this  case  it  spreads  from  one  neuron  to  another 
(Monakow),  although  in  the  second  neuron  it  does  not  go  so  far  as  to 
absolutely  destroy  the  tissue-elements. 

An  advantage  not  to  be  overlooked  in  this  method  of  Gudden  is  the 
facility  with  which  operative  interference  can  be  undertaken.  The  animals 
are  easily  handled.  The  readier  coagulation  of  blood  causes  the  bleeding 
to  stop  soon,  even  when  large  vessels  are  cut.  The  wounds  heal  quickly 
without  suppuration.  The  animal  is  given  back  to  the  parent’s  care 
after  the  operation.  It  may  be  allowed  to  live  for  six  or  eight  weeks, 
the  longer  the  better,  as  a rule,  and  then  it  is  killed  and  its  central  nervous 
system  examined.  A modification  of  this  method  is  to  tear  the  nerve  out 
instead  of  dividing  it.  The  successive  changes  then  hike  place  much  more 
rapidly.  There  need  be  no  fear  of  direct  injury  to  the  nerve-nucleus  from 
the  force  employed  ( Forel ). 

Congenital  or  early-inflicted  lesions  of  the  central  nervous  system 
in  human  beings  offer  an  analogy  to  these  experiments. 

Mendel  has  modified  this  method  by  choosing  the  muscles  rather  than 
the  nerves  for  his  point  of  attack.  He  destroyed  single  muscles  or 
muscle-groups  in  new-born  animals,  and  studied  the  consequent  changes  in 
the  central  nervous  system. 

There  is  no  doubt  but  that  in  the  future  Gudden’s  operation  method 
will  greatly  modify  our  views  of  the  laws  which  govern  degenerative 
processes. 


4.  THE  COMPARATIVE  METHOD. 

Since  we  can  take  for  granted  that  the  functional  importance  of  an 
organ  keeps  pace  with  its  anatomical  prominence,  we  may  expect  many 
important  disclosures  from  the  comparative  method. 

First,  we  must  study  the  system  in  the  lower  animals,  in  the  hope  that 
in  them  it  will  present  a simpler  organisation,  and  one,  therefore,  easier  to 
understand  than  in  man.  Edinger  has  successfully  combined  the  com- 
parative and  historical  methods  by  examining  the  embryos  of  lower 
vertebrates. 

The  application  of  the  comparative  method  to  pathological  processes  in 
the  central  nervous  system  offers  a wide  and  fruitful  field  for  research. 
Further,  one  may  take  into  consideration  the  fact  that  certain  functions, 

C 


34 


EXPERIMENTAL  INVESTIGATIONS. 


and  the  organs  to  which  they  belong,  are  not  equally  developed  throughout 
the  animal  kingdom  ; the  sense  of  smell  is  as  deficient  in  man,  for  instance, 
as  the  sense  of  sight  in  the  mole.  The  central  organs  associated  with  the 
senses  above  named  must  show  a corresponding  feebleness. 

Animals  which  have  strongly-developed  hind-legs  (jumpers)  can  be 
compared  with  animals  with  large  fore-legs  (diggers),  and  also  with  others, 
such  as  the  whale,  in  which  the  limbs  are  rudimentary.  Meynert  first 
attributed  to  this  kind  of  observation  its  proper  merit.  There  are,  however, 
many  obvious  differences  in  the  relative  importance  of  the  several  parts 
of  the  central  nervous  system  in  different  animals,  which  we  cannot  yet 
bring  into  accord  with  their  functional  peculiarities. 

5.  PHYSIOLOGICAL  METHOD. 

All  the  methods  by  which  injury  is  intentionally  inflicted  on  animals 
might  be  included  under  this  head ; they  have,  however,  been  grouped 
with  the  injuries  of  disease.  In  the  methods  now  under  consideration  we 
have  to  do  with  excitation  or  paralysis  of  muscles,  resulting  respectively 
from  irritation  and  ablation  of  the  brain  or  cord.  For  example,  when  a 
certain  spot  on  the  surface  of  the  brain  is  stimulated,  movement  of  a 
defined  muscle-group  results ; or  a particular  region  being  excised,  a 
sense  organ  is  thrown  out  of  gear.  We  may  conclude  that  the  part  of  the 
brain  injured  was  in  each  case  related  to  the  organ  over  which  it  has  lost 
its  influence.  No  method,  however,  needs  to  be  used  with  greater  care, 
or  leads  more  easily  to  mistakes. 

The  stimulation  and  the  destruction  of  a part  of  the  brain  is  apt  to  call 
into  evidence  not  the  part  especially  implicated,  but  some  neighbouring 
region  sympathetically  set  in  action ; or,  again,  unless  the  stimulus  is 
appropriate  it  is  apt  to  be  ineffective.  This  is  not,  however,  the  place  to 
point  out  all  the  mistakes  which  have  occurred ; we  must  content  ourselves 
with  showing  that  the  value  of  physiological  experiments  must  only  be 
estimated  in  careful  association  with  anatomical  data. 

Perhaps  the  condition  of  electrotonus  may  eventually  be  used  for 
anatomical  purposes. 

The  same  results  which  we  are  able  to  produce  in  the  central  nervous 
system  experimentally  follow  injury  and  disease ; by  the  action  of  tumours, 
haemorrhages,  inflammation,  etc.,  localised  irritation  and  paralysis  are 
induced,  and  the  phenomena  which  result  show  the  connection  of  the 
several  parts  of  the  system  to  one  another.  Even  more  caution  'is 
necessary  in  interpreting  these  resnlts  than  in  the  case  of  injuries  induced 
experimentally. 

6.  THE  ANATOMICAL  INVESTIGATION  OF  LIVING 

TISSUE. 

All  figures  given  by  the  foregoing  methods  of  investigation  are  of 
altered  tissue,  in  many  cases  even  when  a so-called  fixing  medium  has 
been  employed  to  preserve  the  structure. 
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The  changes  which  take  place  in  a nerve-cell  during  its  functional 
activity  have  also  been  the  subject  of  repeated  experiment. 

A great  many  methods  of  methylene-blue  staining  infra  vitam  have  been 
proposed  cpiite  recently.  Beautiful  results  can  be  obtained  from  mammals 
by  the  subcutaneous  injection  of  considerable  quantities  of  methylene-blue 
in  solution.  Fresh  pieces  of  the  central  nervous  system  (which  is  stained 
blue  throughout)  should  be  placed  for  from  two  to  four  hours  in  a 10  per 
cent,  solution  of  ammonium  molybdate  to  which  hydrochloric  acid  has  been 
added  in  the  proportion  of  1 drop  to  every  10  c.c.  {Bette),  and  kept  at 
a temperature  slightly  above  freezing  point.  They  should  then  be  well 
washed,  hardened  in  alcohol,  and  cut. 

The  direct  investigation  of  living  nerve-tissue  is  always  difficult  and 
rarely  successful ; though  Ehrlich  has  made  a great  advance  by  injecting 
a watery  solution  of  methylene-blue  (some  4 0 per  cent,  methylene-blue 
to  0-6  per  cent,  common  salt,  according  to  Dogiel  and  Riese)  into  the 
circulation.  It  stains  the  endings  of  the  centripetal  nerves  and  (for  some 
minutes  only)  the  ends  of  some  centrifugal  nerves.  In  the  frog  it  suffices 
to  inject  the  fluid  into  the  spinal  lymph-sac.  Not  all  kinds  of  methylene- 
blue  are  equally  efficacious ; the  best  is  that  made  in  the  anilin  and  soda 
factory  at  Ludwigshafen  in  Baden,  or  (according  to  Edinger)  the 
Methylenhlau  medicinale  from  the  Hochst  factory  (supplied  by  Merk). 
The  blue  colour  appears  only  upon  exposure  to  the  air.  After-treatment 
with  iodide  of  potassium  {Pal)  or  biniodide  of  potassium  {Smirnov}),  or 
soaking  in  a mixture  of  equal  parts  cold  saturated  solution  of  ammouiated 
picric  acid  and  glycerin  {S.  Mayer),  renders  the  preparations  more 
durable. 

Retzius  has  very  minutely  investigated  the  central  nervous  system  in 
invertebrates  and  obtained  most  successful  stainings.  He  injected  a 
considerable  quantity  of  methylene-blue  into  the  bodies  of  crabs  and, 
having  removed  the  shell,  examined  them  an  hour  later,  and  again  at 
regular  intervals  up  to  twelve  hours,  the  times  for  the  best  results  not 
being  accurately  determined. 

Ho  has  also  investigated  the  spinal  cord  of  lower  vertebrates 
(Amphioxus  and  Myxine)  by  direct  application  of  the  staining  fluid. 


By  the  aid  of  the  methods  above  mentioned,  we  have  been  able  recently 
to  throw  much  light  upon  the  structure,  hitherto  but  little  understood, 
of  the  highest  organs  of  the  body.  New  methods  are  still  wanted,  however, 
to  enable  us  to  unravel  the  tangle  of  conducting  paths. 

None  of  the  methods  at  present  in  use  will  stand  a strict  criticism, 
and  the  same  want  may  be  anticipated  in  the  case  of  methods  devised 
in  future.  If  it  is  recognised  that  no  single  method  is  sufficient  in  itself, 
but  that  all  must  be  used  in  conjunction,  a thorough  exploration  of  the 
nerve  paths  may  be  finally  counted  on.  Experience  teaches  us  that 
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the  introduction  of  any  good  method  has  invariably  meant  a great 
step  forward,  and  consequently  it  can  be  held  no  idle  task  to  further 
the  study  of  methods. 
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SECTION  II—  MORPHOLOGY  OF  THE  CENTRAL 
NERVOUS  SYSTEM. 


In  fresh  preparations  the  difference  in  colour  between  the  grey  and  white 
substances  is  sufficiently  marked  for  anatomical  purposes. 

Previous  hardening  in  alcohol  gives  to  the  soft  nerve-mass  a consistence 
which  facilitates  its  handling,  and,  at  the  same  time,  brings  out  certain 
minute  details  in  configuration  more  clearly  or,  at  least,  more  permanently. 
The  great  disadvantage  of  alcohol-preparations  is  the  loss  of  the 
natural  colour. 

[The  following  method  of  bringing  out  the  grey  and  white  matter  in 
strong  contrast  is  sometimes  useful  for  class  demonstrations : — Slices  of 
spirit-brains,  complete  coronal  sections  for  example,  are  placed  in  a 
watery  solution  of  tannin  or  gallic  acid ; they  are  then  washed  for  about 
an  hour  in  running  water,  after  which  they  are  immersed  in  a solution  of 
ferrous  sulphate  for  a few  minutes,  and  again  washed.  The  large 
quantities  of  proteids  in  the  grey  matter  fix  the  gallic  acid,  which 
subsequently  combines  with  the  iron.  Very  striking  differentiation  is  thus 
obtained,  but  the  black  staining  is  seldom  restricted  to  the  grey  matter; 
it  is  apt  to  sink  into  such  bundles  of  fibres  as  are  trausversely  cut.] 

Brains  hardened  in  bichromate  of  potassium,  and  subsequently,  after 
the  chrome-salt  is  washed  out  in  water,  placed  in  alcohol,  are  useful  for 
macroscopic  work.  The  grey  matter  is  very  sharply  defined  and  the 
chrome-salts  effect  a staining  which  varies  with  the  direction  and  thickness 
of  the  nerve-fibres.  During  the  process  of  hardening  the  brain,  all  pressure 
or  traction  upon  the  tissue  must  be  prevented  by  careful  support  with 
cotton-wool  and  by  the  use  of  vessels  of  suitable  form. 

The  differences  in  colour  are  made  most  visible  if  the  preparations,  after 
a month’s  hardening  in  Muller’s  fluid,  are  placed  in  alcohol,  to  which  1 per 
cent,  of  hydrochloric  acid  is  added.  Pieces  so  treated  preserve  for  a long 
time  in  glycerin  their  characteristic  green  staining  (Ageno  and  Bemo ). 
Formaldehyde  (formol  from  Meister,  Lucius  & Briining’s  dye-works)  diluted 
with  ten  times  its  own  bulk  of  water  is  an  excellent  medium  for  preserving 
the  central  nervous  system.  The  preparations  are  less  hard  than  those 
made  in  alcohol,  and  very  little  shrunken ; and,  except  for  the  blood- 
pigment,  they  keep  their  natural  colour.  Sections  of  them  can  be  treated 
by  many  staining  methods,  Weigert’s  included.  The  various  discomforts 
attending  the  use  of  wet  preparations,  such  as  the  smell,  the  fumes  of 
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alcohol,  the  wetting  of  the  fingers  in  handling  them,  have  led  to  the  introduc- 
tion of  dry  methods,  which  arc  useful  at  least  for  the  study  of  external  form. 

Schwalbe's  method  of  preparing  dry  brains  is  to  be  recommended.  They 
are  hardened  in  zinc-chloride  or  spirit  (if  in  zinc-chloride  they  must  be 
thoroughly  washed),  dehydrated  in  strong  alcohol  (9G— 9/  per  ceut.),  placed 
in  turpentine  for  about  eight  days,  then  in  melted  paraffin.  The  best 
paraffin  for  the  purpose  melts  at  from  45°  to  50  C.  They  lie  in  the 
paraffin  in  an  incubator  for  from  five  to  eight  days,  by  which  time  they  arc 
thoroughly  soaked.  The  paraffin  is  allowed  to  drain  off,  and  the  preparation 
to  cool  in  the  position  which  best  prevents  distortion.  These  preparations 
are  yellow  or  light  brown  in  colour,  but  extremely  permanent  and  clean  ; 
they  are  exactly  like  wax  models  in  appearance. 


ANATOMICAL  TERMINOLOGY. 

In  the  following  account  the  terms  ‘ outer,  inner,  above,  below,  anterior, 
posterior  ’ will  only  be  employed  in  cases  in  which  the  use  of  the  terms  has 
become  so  universal  as  to  be  unavoidable  without  ambiguity ; for  instance, 
the  ‘anterior’  and  ‘posterior  nerve-roots.’ 

The  brain  being  looked  upon  as  the  centre  we  shall  speak  of  proceeding 
towards  it  as  proceeding  brainwards  or  proximally,  and  away  from  it  as 
travelling  caudalwards  or  distally.  The  terms  dorsal,  ventral,  lateral,  and 
mesial  (nearer  to  the  middle  line),  and  median  (in  the  middle  line)  need  no 
explanation. 


DEVELOPMENT. 

[The  portion  of  the  epiblast  which  is  marked  out  as  the  seat  of  origin  of 
the  central  nervous  system  constitutes  the  floor  and  sides  of  the  medullary 
groove.  It  is  not  simply  a uniform  plate,  but  the  central  portion,  out  of 
which  the  spinal  cord  will  be  formed,  is  distinct  from  a row  of  thickenings 
which  lies  on  either  side  of  the  large  main  fossa.  It  is  these  lateral 
thickenings  of  the  epiblast  which  develop  into  the  spinal  ganglia  (His). 

The  medullary  folds  grow  up  until,  meeting  in  the  mid-dorsal  line,  they 
convert  the  medullary  groove  into  a canal.  Closure  occurs  in  the  neck 
region  first,  and  spreads  rapidly  forwards  over  the  head  and  more  slowly 
backwards  through  the  dorsal,  lumbar,  and  sacral  regions.  The  rudiments 
of  the  sensory  ganglia  (both  cranial  and  spinal)  are  formed  by  delamination 
from  the  lateral  thickenings  just  described  (Beard).  AVhen  the  medullarv 
plates  meet  in  the  mid-dorsal  line  these  thickenings  are  left  outside  the 
neural  canal,  or  rather,  to  define  their  situation  more  accurately,  they  are 
just  caught  within  the  approaching  lips  of  the  medullary  plate  and  rest 
upon  the  dorsal  surface  of  the  neural  tube.  Afterwards  they  sink  down 
into  their  permanent  positions  on  cither  side  of  the  cerebro-spinal  axis. 

The  whole  of  the  central  nervous  system  is  formed  from  epiblast,  and  as 
the  rest  of  this  layer  becomes  the  skin  and  sense  organs,  the  portion  of  it 
which  is  set  aside  for  the  nervous  system  may  be  distinguished  as  neuro- 
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epithelium.  The  layer  of  nouro-epitheliilm  is  at  first  only  one  cell  thick, 
later  on  it  becomes  many  layered,  owing  to  proliferation  of  its  cells ; but  it 
is  particularly  noticeable  in  sections  which  are  stained,  so  as  to  bring  out 
the  chromatin  figures  of  the  nuclei,  that  these  exhibit  the  changes  which 
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Figs.  1 and  2. — Transverse  sections  through  a developing  chick,  showing  the  formation 
of  the  sensory  root-ganglia  (after  Beard). — ga,  Ganglia  ; cp,  epiblnst ; hy,  hypoblast; 
m.p,  medullary  plate ; n,  notochord  ; net,  neuro-epithelial  tube  ; c.c,  central  canal. 


usher  in  cell  division  only  in  the  cells  which  lie  next  to  the  central  canal 
of  the  spinal  cord,  and  in  the  case  of  the  brain  near  its  surface  (cortex)  as 
well  as  next  to  the  ventricles. 

In  his  recent  researches,  His  has  shown  that  even  at  the  time  when  the 
neuro-epithelium  constitutes  but  a single  layer,  the  cells  composing  it  are 


Fig.  3. — The  epiblast  involuted  to  form  the  central  nervous  system  while  still  a single 
layer,  rabbit  (after  If  is).  A round  germ-cell  lies  between  the  proximal  ends  of  two 
supporting  cells. 


distinguishable  into  two  classes.  Although  they  all  belong  to  the  same 
layer,  they  exhibit  from  the  first  a distinction  into  the  more  important 
cells,  ‘germ-cells,’  which  develop  into  nerve-cells,  and  the  ‘spongioblasts’ 
or  supporting  cells.  The  spongioblasts  are  elongated,  palisade-like  cells, 


HISTOGENY. 


41 


the  oval  nuclei  of  which  lie  at  some  distance  from  the  central  canal.  The 
germ-cells  are  round  protoplasmic  cells  which  lie  amongst  the  inner  non- 
nuoleated  segments  of  the  spongioblasts  (figs.  4,  in). 

As  the  spongioblasts  become  more  elongated,  their  nuclei  sheer  over 
one  another,  but  the  supporting  tissue  of  the  system  is  formed  by  cells 
which  reach  throughout  its  whole  thickness.  The  substance  of  these  cells 
is  not  homogeneous,  but  consists  of  a formed  part  disposed  in  filaments 
and  a soft  transparent  substance  in  which  the  filaments  are  embedded. 
The  fibrillar  elements  are  disposed  so  as  to  form  a membrane,  the  ‘ internal 
limiting’  membrane  which  supports  the  epithelium  of  the  central  canal, 


ends  of  which  form  the  internal  limiting 

membrane  (after  His). — g,  Germ-cell  ; tr,  Fig.  4a.— Similar  to  4 but  somewhat  more 
cells  transitional  between  germ-cells  and  advanced.  The  neuroblasts  {rib)  are  giving 
neuroblasts  ; sp,  spongioblasts.  off  axis-cylinder  processes. 

and  they  also  constitute  the  scaffolding  for  both  grey  and  white  matter. 
Throughout  the  grey  matter  the  spongioblasts  are  disposed  radially  with 
tangential  or  oblique  connecting  bands.  When  they  reach  the  outside  of 
the  grey  matter,  they  break  up  into  a close  irregular  plexus,  the  * border 
veil,’  as  His  has  called  it  (an  expression  which  may  be  Latinised  as  ‘velum 
confine  ’),  because  it  prevents  the  migration  farther  outwards  of  the  neuro- 
blasts, while  it  gives  passage  to  their  processes.  It  is  along  this  close  outer 
network  that  the  longitudinally-running  fibres  are  directed,  and  it  conse- 
quently becomes  the  scaffolding  of  the  v'hite  matter  also. 

The  nerve-cells,  on  the  other  hand,  are  formed  by  the  division  of  the 
germ-cells,  the  daughter-cells  of  which,  becoming  pyriform,  are  termed 
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‘ neuroblasts.’  For  some  considerable  time  the  neuroblasts  have  one 
process  only,  the  axis-cylinder  process,  which  is  directed  outwards  towards 
the  anterior  roots  of  the  nerves.  Subsequently  the  neuroblasts  develop 
lateral  dendritic  processes. 

In  the  earlier  stages  of  development  the  cerebro-spinal  axis  is  altogether 
occupied  in  forming  motor-cells  and  fibres.  Its  neuroblasts  take  no  part  in 
the  formation  of  sensory  nerves.  The  fibres  of  the  posterior  root  arise  as 
outgrowths  of  the  cells  of  the  ganglia.  Theso  cells  are  at  first  bipolar ; one 
of  their  processes  extending  outwards  into  the  sensory  nerve,  the  other 


Fig.  5. — Transverse  section  of  half  the  spinal  cord  of  a trout-emhryo  (after  Hit). — ex, 
Central  canal ; mli,  membmna  limitans  interna  ; g,  germ-cell ; sp,  spongioblast ; 
nb,  neuroblast;  ivc,  white  columns,  of  which  the  supporting  tissue  is  a close  net- 
work formed  from  the  ramifications  of  the  outer  segments  of  the  spongioblasts. 

inwards  to  the  cord.  Subsequently  the  centripetal  and  centrifugal  pro- 
cesses are  placed  in  direct  continuity  by  the  cell  body  withdrawing  itself 
away  from  them  at  right  angles.  Thus  while  the  cells  continue  to  provide 
for  the  nutrition  of  the  fibre  through  the  vertical  limb  of  the  T,  the  passage 
of  the  afferent  impulses  through  its  body  is  rendered  unnecessary. 

The  account  of  the  early  stages  in  the  histogeny  of  the  cells  given 
by  His  still  leaves  some  points  unsettled,  as,  for  instance,  the  origin  of 
small  nerve-cells  and  granules,  as  well  as  the  neurogleia-cells  of  Deiters, 
unless  these,  are  all  derived  from  spongioblasts.  A similar  obscurity 
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enshrouds  the  origin  of  the  myelin-cells  that  invest  the  axis-cylinder  pro- 
cesses of  the  neuroblasts. 

The  origin  of  the  neurogleia-cells  has  been  much  debated.  By  some 
they  have  been  considered  as  immigrant-cells,  white  blood-corpuscles,  or 
cells  of  connective-tissue  rank,  but  Vignal  concludes  from  his  observations 
that  they,  like  the  nerve-cells,  are  epithelial  derivatives. 

In  the  spinal  cord,  motor  nerve-cells  are  recognisable  as  such  at  the 
tenth  week  of  intra-uterine  life.  They  make  their  appearance  in  two 
principal  groups  corresponding  to  the  anterior  and  lateral  horns.  As 
already  remarked,  the  fibres  of  the  posterior  root  arc  outgrowths  of  cells 
which  lie  in  the  sensory  ganglia  outside  the  cerebro-spinal  axis. 

Although  dilated  at  its  anterior  end  into  the  brain,  the  grey  matter 
which  borders  the  central  canal  is  formed  in  the  same  manner  throughout 
its  whole  length.  Beneath  the  lining  epithelium  lies  the  layer  of  cells, 
which,  as  shown  by  the  form  and  prominence  of  the  chromatin-skeins  in 
their  nuclei,  are  undergoing  active  proliferation  into  nerve-cells.  From 
the  nerve-cells  fibres  extend  outwards  as  motor  nerves.  It  seems  pretty 
certain  that  these  fibres  (axis-cylinders)  extend  without  a break  from  the 
nerve-cells  in  the  axis  in  which  they  take  origin  to  the  striated  muscle 
which  they  innervate ; the  fibres  destined  for  involuntary  muscle,  on  the 
other  hand,  reach,  in  the  first  instance,  to  cells  of  sympathetic  ganglia 
only,  and  are  by  means  of  these  broken  up  into  a number  of  finer  filaments. 
Inside  the  cerebro-spinal  axis,  as  well  as  throughout  their  peripheral  course, 
the  fibres  are  supported  by  myelin-cells,  which,  wrapping  themselves  round 
the  axis-cylinder,  develop  in  their  substance  a special  phosphatic  fat,  and  in 
this  way  constitute  protecting  and  insulating  tubes.  Whether  the  myelin- 
cells  arise  from  epiblastic  or  mesoblastic  elements  has  not  been  as  yet 
determined. 

While  within  the  central  nervous  system  the  axis-cylinders  and  their 
myelin-sheaths  are  supported  by  the  neurogleia,  and  it  is  almost  necessary 
to  point  out  that  the  origin  of  the  myelin-sheath  of  intra-axial  fibres  is  far 
from  clear,  if,  as  asserted  by  Boveri,  it  is  not  broken  up  into  segments. 
Schiefferdecker,  on  the  other  hand,  states  that  ‘nodes  of  Ranvier’  are  to 
be  found  within  as  well  as  without  the  cerebro-spinal  axis. 

The  white  columns  appear  later  than  the  grey  matter.  Their  origin 
has  not  as  yet  been  satisfactorily  made  out.  Probably  the  motor  fibres 
grow  downwards  from  cells  of  the  cortex,  while  sensory  fibres  originate  in 
cells  of  the  cord  and  grow  upwards. 

The  anterior  end  of  the  involuted  tube  of  epiblast  is  dilated  into  the 
cerebral  vesicles  (fig.  From  the  anterior  vesicle  the  cerebrum  grows 
out  as  a secondary  fore-brain.  At  first  this  new  vesicle  is  single,  but  it 
soon  divides  into  two,  each  communicating  with  the  primary  fore-brain  by 
an  aperture,  the  foramen  of  Monro.  The  formation  of  grey  matter  within 
the  secondary  vesicles  is  confined  to  the  posterior  and  inferior  parts  of  the 
wall  of  the  ventricle.  Here,  however,  it  occurs  extensively  as  the  corpus 
striatum,  which  bulges  into  the  ventricle,  and  is  divided  into  two  parts  by 
a deep  groove.  The  optic  thalamus  and  corpus  striatum  arc,  therefore, 
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widely  separate  in  their  origin,  the  former  being  a local  development  of  the 
grey  matter  bordering  the  primary  fore-brain,  while  the  latter  is  formed  in 
the  wall  of  the  secondary  vesicle. 

But  little  remains  to  be  said  with  regard  to  the  further  development 
of  the  central  grey  matter — the  formation  of  neuroblasts  from  the  cells 
of  its  inner  layer — their  migration  outwards — the  radiation  of  their 
processes  towards  the  periphery — the  investment  of  the  grey  matter 
with  a sheath  of  longitudinal  fibres  occur  throughout  its  whole  length. 
In  the  case  of  the  brain,  on  the  other  hand,  the  seat  of  the  chief  formative 
activity  is  transferred  to  the  surface  of  the  vesicles  where  the  neuroblasts, 
which  are  afterwards  to  become  the  cells  of  the  cortex  of  the  cerebrum, 
corpora  quadrigemina  and  cerebellum,  commence  their  existence. 

To  follow  all  the  changes  in  the  walls  of  the  cerebral  vesicles  by  which 
the  formation  of  the  brain  is  accomplished  would  require  a special  treatise 
on  embryology,  nor  can  the  task  be  attempted  at  present  owing  to  the 
incompleteness  of  our  knowledge,  but  certain  points  which  have  the  most 
important  influence  upon  our  conception  of  the  fundamental  structure  of 
the  central  nervous  system  may  be  briefly  referred  to. 

The  cranial  nerves  are  formed  in  the  same  way  as  the  spinal  nerves, 
their  motor  fibres  being  outgrowths  from  cells  of  the  central  grey  matter, 
the  sensory  fibres  originating  in  cells  of  the  sensory  ganglia,  and  growing 
inwards  into  the  central  grey  matter  and  outwards  to  the  surface.  To  this 
description  the  olfactory  and  optic  nerves  do  not  seem,  at  first  sight,  to 
correspond,  for  both  these  cranial  nerves,  or  rather  the  tracts,  by  means 
of  which  their  connection  with  the  brain  is  established,  appear  as  hollow 
outgrowths  from  the  brain ; the  optic  vesicles  being  diverticula  of  the  fore- 
brain ; the  olfactory  vesicles  being,  apparently,  diverticida  of  the  hemi- 
spheres of  the  secondary  fore-brain.  In  the  case  of  the  olfactory  tracts,  an 
earlier  stage,  in  which  they  were  connected  with  the  dorsal  wall  of  the 
primary  fore-brain  in  the  same  manner  as  other  sensory  nerves,  has  been 
described  by  Marshall.  The  relation  of  the  first  two  cranial  nerves  to  the 
central  system  is,  however,  complicated  by  the  fact  that  elements,  which 
elsewhere  lie  in  the  sensory  ganglia  and  cerebro-spinal  axis,  viz.,  bipolar 
cells,  ‘gelatinous’  substance,  and  multipolar  cells,  are  situate  in  the 
olfactory  bulb  and  retina  in  immediate  juxtaposition  with  the  epithelium 
of  the  sense  organs.  There  appears  to  be  this  great  phylogenetic  difference 
between  the  nose  and  eye  and  other  sense  organs  that,  owing  to  then- 
situation  at  the  anterior  end  of  the  body  and  consequent  advantages  for 
obtaining  information,  they  very  early  became  highly  specialised,  and  the 
portion  of  nerve  plexus  which  lay  beneath  them  was  so  intimately  united 
to  them  that  its  subsequent  withdrawal  into  the  axial  system,  as  in  the 
case  of  other  segmental  sense  organs,  was  impracticable. 

The  roof  of  the  anterior  cerebral  vesicle  and  the  back  part  of  that  of  the 
posterior  cerebral  vesicle  (fig.  6,  Zh  and  Nh)  remain  undeveloped.  The 
ventricular  epithelium  is  simply  supported  by  pia  mater,  m which  rami  y 
the  vessels  of  the  choroid  plexus.  The  roof  of  the  anterior  vesicle  is  a flat 
plate,  triangular  in  shape,  the  ‘velum  interposition.’  The  hemispheres 
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of  the  cerebrum  project  backwards,  and  press  up  against  the  sides  of  the 
anterior  vesicle.  Where  they  touch  the  margins  of  the  velum  inter- 
positum  this  membrane  grows  out  sideways,  pushing  the  wall  of  the 
secondary  fore-brain  in  front  of  it,  and  so  involuting  it  into  its  ventricle, 
where  it  rests  as  a free  fold  upon  the  corpus  striatum.  In  this  way  a 
choroid  plexus  is  carried  into  the  lateral  ventricles,  the  velum  interpositum 
being  grasped  by  the  wall  of  the  cerebral  hemisphere  from  the  back  of  the 
foramen  of  Monro  to  the  uncus.  By  the  subsequent  downward  growth  of 
the  hemisphere,  as  well  as  the  increase  in  thickness  of  the  crus  cerebri,  the 
postero-external  angle  of  the  velum  interpositum  is  carried  downwards  and 
forwards  round  the  crus.  If  the  finger  were  placed  beneath  the  wing  of 
a butterfly  to  represent  the  crus  cerebri,  and  the  back  of  the  wing  were 
then  bent  downwards  round  the  finger,  the  form  of  the  velum  interpositum 
would  be  accurately  represented.  The  margin  of  the  curved  slit,  through 
which  it  pushes  its  way  into  the  lateral  ventricle,  is  thickened  by  longi- 
tudinal fibres.  The  bundle  on  the  convexity  of  the  slit  is  the  fornix.  The 
bundle  in  its  concavity  is  the  stria  cornea. 

The  pineal  gland  arises  as  a hollow  outgrowth  from  the  back  of  the 
roof  of  the  fore-brain  ; the  pituitary  body  as  a hollow  dowugrowth  from  its 
floor  which  applies  itself  to  the  back  of  a diverticulum  from  the  buccal 
cavity,  which  comes  up  through  the  hole  in  the  floor  of  the  pituitary  fossa 
of  the  sphenoid  bone. 

The  corpus  callosum  is,  in  its  full  development,  a secondary  growth 
which  breaks  through  the  wall  of  the  hemisphere,  sweeping  away  the 
greater  part  of  the  arcuate  convolution  of  Arnold.  Its  anterior  end  is 
first  formed  and  growth  proceeds  from  before  backwards.  The  remains  of 
the  arcuate  convolution  are  seen  in  the  stria)  medullares  seu  obtecta),  or 
nerves  of  Lancisi,  and  in  the  subcallosal  (subgenial  and  subsplenial)  con- 
volution. The  portion  of  the  wall  of  the  hemisphere,  which  is  intercepted 
between  the  corpus  callosum  and  the  fornix,  remains  undeveloped  as  the 
septum  pellucidum  or  wall  of  the  so-called  fifth  ventricle.*] 


DIVISIONS  OF  THE  CENTRAL  NERVOUS  SYSTEM. 

From  the  earliest  time  the  system  has  been  described  as  the 
elongated  spinal  cord  (medulla  spinalis),  and  the  more  massive  and 
globular  brain  (cerebrum  in  its  wider  sense  or  encephalon). 

The  brain  is  again  subdivided  into  great  brain  (cerebrum),  small  brain 
(cerebellum),  and  medulla  oblongata.  Usually  the  medulla  oblongata  is 
regarded  as  the  segment  between  the  proximal  end  of  the  spinal  cord  and 
the  pons  Varolii,  the  latter  being  looked  upon  as  belonging  to  the  cere- 
bellum. Some  anatomists  (e.g.,  Merkel)  include  the  pons  with  the  medulla 
oblongata.  The  part  in  front  of  the  pons  belongs  to  the  great  brain. 

The  division  most  widely  accepted  nowadays  is  based  upon  develop 

* For  a more  detailed  account  of  the  development  of  the  brain,  see  Quain’s  Anatomy, 
Tenth  Edition,  vol.  i.  part  1. 
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mental  study.  Hence  it  follows  that  a knowledge  of  the  leading  features, 
at  least,  of  the  development  of  the  central  nervous  system  has  become  an 
absolute  necessity. 

The  first  rudiment  of  the  entire  nervous  system  is  the  medullary  plate, 
a long-drawn  thickening  in  the  middle  line  of  the  epiblast  (ectoderm). 
Next,  this  medullary  plate  assumes  the  form  of  a groove,  the  medullary 
gioove,  by  the  rise  of  two  parallel  ridges,  the  medullary  folds,  which  con- 
tinue to  grow  as  development  progresses  until,  meeting  in  the  mid-dorsal 
line,  they  convert  the  groove  into  a canal.  The  hinder  and  longer  part  of 
this  canal  is  the  rudiment  of  the  spinal  cord ; the  other,  which  lies  in  the 

head  region  of  the  embryo  and  appears  to  be 
closed  in  front,  is  the  rudiment  of  the  brain. 
From  the  epiblast  the  rudiments  of  the  spinal 
ganglia  also  develop,  probably  by  delamina- 
tion from  the  lateral  thickenings  (the  medul- 
lary folds),  and  during  the  later  stages  rest 
in  two  parallel  rows  on  the  dorsal  surface  of 
the  neural  tube. 

In  the  brain  part  of  the  neural  tube  (in 
mammalia  even  before  its  complete  closure) 
several  shallow  depressions  are  visible,  which 
divide  this  part  first  into  four  and  then  into 
five  segments,  lying  one  behind  the  other.  The 
divisions  are  named  from  before  backwards : 
the  primary  anterior  cerebral  vesicle  {Zli), 
the  middle  cerebral  vesicle  (Mh),  the  anter- 
ior (Hh),  and  the  posterior  (Nh)  of  the  two 
hinder  vesicles.  Later  on,  a fifth  vesicle,  the 
secondary  anterior  vesicle,  grows  out  from 
the  anterior  wall  of  the  primary  fore-brain, 
the  lamina  terminalis  of  the  embryo.  This 
too  is  single  at  first,  but  is  soon  divided 
from  before  backwards  by  the  downgrowth  of 
the  primary  falx,  SVh.  In  the  human 
embryo  this  takes  place  in  the  fourth  week 
of  foetal  life.  The  fissure  is  known  as  the 
longitudinal  fissure,  ms. 

I should  have  mentioned  before  that  at  a very  early  period,  as  soon, 
indeed,  as  the  first  signs  of  differentiation  are  perceptible  in  the  brain  part 
of  the  tube,  two  lateral  vesicles  begin  to  spring  from  the  under  surface  of 
the  fore-brain.  These  are  the  rudiments  of  the  eyes  and  the  nervus  opticus, 
the  primary  eye-vesicles. 

In  higher  vertebrates  the  secondary  anterior  vesicles  make  by  far  the 
most  rapid  growth  of  all  the  divisions  of  the  rudimentary  brain ; they 
represent  the  cerebrum  in  its  rudimentary  state. 

The  differentiation  of  the  original  neural  tube  can  be  traced  through- 
out the  whole  series  of  vertebrates.  In  the  rays  alone  no  secondary 


Fig.  6. — The  cerebral  vesicles. — 
SVh,  Secondary  fore-brain ; 
Zh,  ’tween-brain ; Mh,  mid- 
brain ; Hh,  bind-brain ; Nh, 
after-brain ; ms,  longitudinal 
fissure;  FM,  foramen  of  Monro; 
MR,  central  canal. 
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fore-brain  is  said  to  be  formed,  while  in  other  selachians  we  find  the 
mere  rudiment  of  one  ( Edinger ). 

The  several  portions  of  the  brain  are  developed  from  one  or  other  of 
these  five  divisions  : — 

1.  Secondary  anterior  cerebral  vesicle  ( SVh ) forms  the  cerebrum 
with  its  cortex,  corpus  callosum,  fornix  and  anterior  commissure,  nucleus 
lenticularis,  and  nucleus  caudatus. 

2.  Primary  cerebral  vesicle  (Zh),  or  ’tween-brain,  includes  the  optic 
thalami,  infundibulum,  optic  commissure,  and  corpora  albicantia. 

3.  Middle  cerebral  vesicle  (Mh)  forms  the  mid-brain ; corpora 
quadrigemina  and  peduncles  of  great  brain. 

4.  The  anterior  of  the  two  hinder  vesicles  (Hh)  forms  the 
hind-brain;  cerebellum  with  its  peduncles  and  the  pons. 

5.  Posterior  of  the  two  hinder  vesicles  (Nh)  forms  the  after- 
brain or  medulla  oblongata. 

All  the  structures  developed  from  the  secondary  anterior  vesicles  belong 
to  the  cortex  or  brain-mantle,  while  the  structures  to  which  the  remaining 
four  vesicles  give  rise  constitute,  with  the  exception  of  the  cerebellum,  the 
brain-stem  (caudex).  The  nuclei  lenticularis  et  caudatus  are  included,  for 
the  most  part,  in  the  description  of  the  brain-stem,  leaving  only  the  cortex 
of  the  great  brain  for  the  mantle-formation ; recently,  however,  it  has  been 
shown  that  the  nucleus  caudatus,  as  well  as  the  lateral  part  [and  perhaps 
the  central  part  too]  of  the  nucleus  lenticularis,  ought  to  be  included 
amongst  cortex-formations. 

[The  morphological  relation  of  the  cortex  to  the  rest  of  the  cerebro- 
spinal axis  is  a matter  of  the  greatest  importance,  involving,  as  it  does, 
the  question  of  the  primary  constitution  of  the  nervous  system.  The  brain 
is  distinguished  from  the  spinal  cord  by  the  possession  of  an  envelope,  not 
complete,  but  covering  the  greater  part  of  the  surface  of  its  three  vesicles, 
as  the  cortex  or  mantle-formation.  Throughout  the  whole  system  the 
‘axis’  consists  of  a tube  of  grey  matter  bordering  the  central  canal, 
invested  by  a sheath  of  longitudinally  running  white  fibres.  Meynert 
recognised  the  continuity  of  the  grey  matter  bordering  the  central  canal, 
and  termed  it  ‘centrales  Hbhlengrau,’  without,  however,  giving  to  the 
term  any  strict  morphological  or  anatomical  limitations.  From  the  trans- 
lator’s point  of  view,  all  the  grey  matter  of  the  lower  system,  including 
therein  the  optic  thalami,  constitutes  the  central  grey  tube.  This  receives 
sensory,  and  gives  origin  to  motor  nerves,  none  of  which  appear  to  pass 
through  its  plexus  without  joining  with  it,  but  each  nerve  terminates  in, 
or  springs  from,  the  portion  of  the  grey  matter  belonging  to  the  metamer 
which  the  nerve  supplies.  In  its  fore  part  the  nervous  system  is  dilated 
into  the  vesicles  already  described,  and  here  a marked  difference  in 
anatomical  arrangement  is  seen.  The  white  matter  which  invests  the 
central  grey  tube  is  in  turn  surrounded  by  a layer  of  grey  matter  of 
altogether  different  constitution.  This  second  investment  constitutes  the 
cortex  of  the  cerebellum,  corpora  quadrigemina,  and  cerebral  hemispheres. 
In  the  lowest  vertebrates  the  cerebellum  is,  as  a rule,  small ; although,  even 
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amongst  fishes,  it  may  attain,  as  in  the  shark  for  instance,  a considerable 
size  and  complex  structure.  The  corpora  bigemina  are  larger  proportionally 
in  lower  vertebrates  than  they  are  in  man.  The  cortex  of  the  cerebrum 
is,  however,  a late  development;  only  in  mammals  does  it  constitute  an 
important  layer.  In  reptiles  and  birds  the  mass  of  the  cerebral  hemi- 
sphere consists  of  what  in  mammals  we  know  as  corpus  striatum.  Does 
the  corpus  striatum  belong  to  the  central  or  the  peripheral  grey  tube? 
It  does  not,  like  the  optic  thalamus,  contain  the  primary  centres  of  any 
sensory  nerves.  The  nucleus  caudatus  is  intimately  connected  with  the 
cortex,  for  its  head,  as  shown  in  the  accompanying  diagram  after  Wernicke, 
rests  on  the  anterior  perforated  space,  its  tail  is  continuous  with  the  cortex 
of  the  temporal  lobe. 

Nucleus  caudatus,  nucleus  amygdaleus,  and  claustrum  are  continuous 
at  their  temporal  extremities.  The  nucleus  lenticularis  is  sunk  more 
deeply  beneath  the  cortex,  and  completely  invested  in  white  matter.  In 
structure  and  development,  however,  the  lenticular  and  caudate  nuclei 
strongly  resemble  one  another,  and  all  the  evidence  we  at  present  possess 
is  in  favour  of  assigning  them  both  to  the  same  position  in  the  system,  as 
parts  of  the  peripheral  grey  tube. 


Fig.  7. — Diagram  representing  the  connection  of  the  nucleus  caudatus  with  the  cortex 
of  the  frontal  and  temporo-sphenoidal  lobes. 


The  optic  thalamus,  on  the  other  hand,  is  to  be  regarded  as  the 
anterior  extremity  of  the  central  grey  tube.] 

The  entrance  into  the  lateral  vesicles  from  the  fore-brain  constitutes 
eventually  the  foramen  of  Monro ; the  cavities  of  the  brain  vesicles  remain 
as  the  permanent  ventricles. 

The  cavity  of  the  secondary  fore-brain  becomes  the  lateral  ventricle. 

„ „ primary  fore-brain  „ the  third  ventricle. 

„ „ mid-brain  „ the  aqueduct  of  Sylvius. 

„ „ hind-brain  „ the  fourth  ventricle. 

„ ,,  medullary  canal  ,,  the  central  canal. 

His  has  divided  the  brain  somewhat  differently ; into  (1)  Rhomben- 
cephalon, which  includes  the  after-brain,  hind-brain,  and  isthmus  (the 
narrow  part  in  front  of  the  pons) ; (2)  Mesencephalon,  the  mid-brain  ; 
(3)  Prosencephalon ; this  last  being  subdivided  into  Diencephalon,  the 
’tween-brain,  and  Telencephalon,  the  secondary  fore-brain. 

The  several  divisions  of  the  central  nervous  system  indicated  in  the 
account  just  given  will  be  briefly  passed  in  review  in  this  section. 
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A.  THE  SPINAL  CORD. 

The  human  spinal  cord  (figs.  8 and  9)  forms  a cylindrical  column  of 
38  to  46  cm.  (18  inches)  in  length,  reaching  in  the  upright  position  from 
the  first  cervical  to  the  first  or  second  lumbar  vertebra.  In  the  child 
it  reaches  farther  [the  third  lumbar  at  birth].  In  the  foetus  farther 
still.  When  the  body  is  bent  sharply  forwards  the  lower  end  of  the 
cord  in  the  adult  only  reaches  to  the  twelfth  dorsal  vertebra.  Huger 
determined  that  when  the  body  is  strongly  bent  the  spinal  cord  is 
stretched  by  6 -8  per  cent,  of  its  length. 

In  two  situations  it  presents  spindle-shaped  swellings,  due  almost 
entirely  to  an  increase  in  its  transverse  diameter.  In  thick  specimens 
the  first  of  these,  the  cervical  swelling  (intumescentia  cervicalis),  has  at 
the  level  of  the  fifth  or  sixth  cervical  vertebra  a breadth  of  15  mm. ; the 
lumbar  enlargement  lying  at  the  level  of  the  lower  dorsal  vertebrae 
attains  a breadth  of  11  to  12  mm.  The  antero-posterior  diameter  in- 
creases in  these  situations  by  1 to  2 mm.  only. 

The  thickness  of  the  cord  varies  considerably  in  different  individuals ; 
treating  its  cross-section  as  a complete  circle,  one  finds  that  the  diameter 
of  this  circle  above  the  cervical  swelling  varies  from  8 to  11  mm.  ; in  the 
dorsal  cord,  between  the  two  swellings,  from  6 to  9 mm. 

The  lumbar  swelling  (intumescentia  lumbalis)  terminates  in  the 
conus  medullaris.  The  latter  forms  the  end  of  the  cord.  To  it,  how- 
ever, is  attached  a thin  thread  of  some  25  cm.  in  length,  the  filum 
terminale. 

Flesch  has  shown  that  the  cord  is  so  constituted  as  to  present — after 
the  removal  of  the  pressure  of  the  vertebra' — the  curves  which  are  seen 
in  it  when  in  situ. 

Down  the  middle  line  of  its  ventral  surface  runs  a furrow,  sulcus 
longitudinalis  mediauus  anterior  (fig.  8,  Fsla),  cut  so  deep  into  the  cord 
as  to  form  a longitudinal  fissure,  fissura  mediana  anterior.  Another 
furrow  runs  down  the  middle  line  of  the  dorsal  surface,  sulcus  longi- 
tudinalis medianuB  posterior  (fig.  9,  Fslp),  but  as  this  latter  penetrates 
the  substance  of  the  cord  very  slightly  or  not  at  all,  the  term  ‘fissure,’ 
as  applied  to  it,  is  incorrect. 

The  dorsal  roots  originate  in  an  almost  uninterrupted  line  2 to  3 mm. 
laterally  to  the  posterior  fissure.  When  they  have  been  cut  away,  the 
place  of  their  origin  is  still  indicated  by  a furrow,  the  dorso-lateral 
groove,  sulcus  lateralis  dorsalis  (Sid),  sillon  collateral  posterieur.  It  is 
shallow  for  the  most  part  but  somewhat  deeply  cut  into  the  cord  in 
the  cervical  region.  The  anterior  roots  arise  in  many  separate  bundles 
spread  out  transversely  as  well  as  longitudinally.  The  furrow  left  after 
their  removal  (the  so-called  antero-lateral  groove),  Slv  (fig.  10),  is  very 
indistinct.  The  roots  incline  on  leaving  the  cord  caudally  as  well  as 
laterally,  the  inclination  downwards  being  sharper  the  lower  their  situa- 
tion on  the  cord.  An  exception  to  this  rule  is  observed  in  the 
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taken  by  the  most  posterior  root-bundles  of  the  upper  cervical  nerves, 
which  necessarily  turn  a little  brainwards : as  also  in  the  course  of  the 
roots  of  the  nervus  accessorius  Willisii  which  arise  from  the  lateral 


Fig.  8. — Caudal  end  of  spinal  cord  from 
ventral  surface  ( natural  size). — Jl, 
Lumbar  enlargement;  Cm,  conus 
medullaris  ; Ft,  filum  terminale.  The 
anterior  nerve-roots  on  the  left  side 
are  removed,  on  the  right  side  (Fa) 
they  enter  into  the  formation  of  the 
cauda  equina  (Cc).  Fsla,  fissura  longi- 
tudinalis  ant.  ; Slv,  sulcus  lateralis 
ventralis  ; Fna,  funiculus  anterior  ; 
Fnl,  funiculus  lateralis. 


Fig.  9.— Cervical  enlargement  of  the  spinal 
cord  from  the  dorsal  side  ( natural 
size).  Besides  the  cervical  enlarge- 
ment (Je)  a portion  of  the  dorsal 
cord  is  also  visible  (Md).  All  the 
posterior  roots  are  cut  away  on  the 
right  side,  and  on  the  left  side  the 
sixth  and  seventh  cervical  (Fpc  6 
and  7)  and  the  third  dorsal  (Fpd  3) 
are  left  as  far  as  the  spinal  gan- 
glia (Gsp).  Fslp,  Fissura  longitudi- 
nals post.  ; Spd,  sulcus  paramedi- 
anus  dorsalis  ; Sid,  sulcus  lateralis 
dorsalis  ; Fnp,  funiculus  posterior  ; 
Fnl,  funiculus  lateralis ; Fng,  funi- 
culus gracilis ; Fnc,  funiculus  cun- 
eatus. 


surface  of  the  cord  between  the  posterior  and  anterior  roots.  By  the 
time  the  lumbar  swelling  is  reached  the  roots  lie  almost  parallel  with 
the  cord ; the  conus  medullaris  and  filum  terminale  lie  in  the  middle 


SPINAL  CORD. 


51 


of  a considerable  bundle  of  nerves,  the  whole  constituting  the  cauda 
equina. 

On  account  of  the  obliquity  of  the  roots  one  can  tell  in  any  detached 
piece  of  cord  which  is  its  proximal  and  which  its  distal  end.  This,  again, 
is  of  great  use  in  helping  us  to  distinguish  the  left  side  from  the  right  in 
cases  of  unilateral  lesion. 

In  the  cervical  cord  a still  more  distinct  furrow  is  to  be  seen  about 
1 to  1|  mm.  laterally  to  the  posterior  longitudinal  fissure,  becoming 


Fig.  10. — The  base  of  the  brain,  as  far  as  the  optic  tracts.  The  cerebellum  is  almost 
completely  removed  ; the  secondary  fore-brain  and  all  structures  which  lie  in  front 
of  the  optic  tracts  are  cut  away ; on  the  left  side  the  nerve-roots  are  re- 
tained ; on  the  right  side  they  are,  with  few  exceptions,  removed. II,  Nervus 

opticus  ; III,  nervus  oculomotorius ; III',  lateral  accessory  portion  of  oculomo- 
torius  ; V,  nervus  trigeminus  ; Vm,  motor  trigeminal  root ; Vs,  sensory  ditto  • 
VI,  nervus  abdueens  ; VII,  nervus  facialis  ; VIII,  nervus  acusticus  ; IX,  nervus 
glossopharyngeus ; X,  nervus  vagus  ; XI,  nervus  accessorius  Willisii ; XII 
nervus  hypoglossus ; Cgl,  corpus  geniculatum  laterale ; Ch,  chiasma  nervorum 
opticorum  ; Cm.,  corpus  mammillare ; Fna,  funiculus  anterior ; Fnl,  funiculus 
lateralis;  Fob,  fasciculus  obliquus  pontis  ; Focp,  foramen  cajcum  ' posterius ; 
Fsla,  fissura  longitudinalis  anterior  medulla;  ; Jf,  infundibulum ; LmP,  tract 
connecting  lemniscus  and  pedunculus  cerebri ; Oi,  inferior  olive ; Pp,  pes  pedun- 
culi  cerebri;  Po,  pons;  Py,  pyramid;  Racl,  anterior  root  of  the  first  cervical 
nerve  ; Sbpp,  substantia  perforata  posterior  ; SI  III,  sulcus  oculomotorii  • Slpp 
sulcus  substantia;  perf.  post.  ; Slv,  sulcus  lateralis  ventralis  ; Spo,  sulcus  post- 
olivaris ; Sppy,  sulcus  parapyramidalis  ; T II,  tractus  nervi  optici ; Tbc  tuber 
cinereum  ; Trie,  trigonum  intercrurale. 
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more  distinct  as  we  travel  cerebral  wards,  the  sulcus  paramedianus  dorsalis 
seu  intermedius  posterior,  Spd. 

The  cord  is  divided  by  these  furrows  into  several  longitudinal  columns 
distinct  from  one  another  on  the  surface. 

1.  Anterior  column,  funiculus  anterior,  Fna,  lying  between  the  an- 
terior fissure  and  the  line  of  exit  of  the  anterior  roots. 

2.  Lateral  column,  funiculus  lateralis,  Fnl,  on  the  outer  side  of  the 
anterior  column,  between  this  and  the  postero-lateral  sulcus. 

3.  Posterior  column,  funiculus  posterior,  Fnp,  between  the  posterior 
longitudinal  and  dorso-lateral  sulci.  In  those  regions  in  which  a para-i 
median  sulcus  is  visible,  the  posterior  column  is  again  divided  into  two, 
Burdach’s  column,  Fin:  (funiculus  cuneatus) ; and  Goll’s  column  (funiculus 
gracilis),  Fug. 

Usually  31  pairs  of  spinal  nerves  are  reckoned,  viz.,  8 cervical,  12 
dorsal,  5 lumbar,  5 sacral,  and  1 pair  of  coccygeal  nerves.  One  or  two 
microscopical  coccygeal  nerves  may  be  usually  found,  however,  in  the 
filum  terminale  ( Rauber ). 

In  most  vertebrates  the  spinal  cord  is  rounded,  as  in  Man,  but  in 
many  fishes  we  find  it  in  transverse  section,  shaped  like  an  obtuse-angled 
triangle  with  the  apex  dorsalwards.  In  cyclostome  fishes  it  is  riband- 
shaped,  the  flattened  edges  being  curved  slightly  ventralwards.  The 

swellings  occur  in  almost  all  vertebrates,  and  are  proportionate  in  size  to 
the  masses  of  roots  which  spring  from  the  cord.  Thus  we  find  the 
cervical  swelling  very  strongly  marked  in  long-armed  apes,  while  the 
swellings  are  hardly  perceptible  in  the  spinal  cord  of  Cetacea,  and  en- 
tirely lacking  in  that  of  snakes.  In  many  vertebrates  the  cord  occupies 
the  whole  length  of  the  canal,  leaving  no  room  for  the  formation  of  a 
cauda  equina;  in  others  (as  Cheiroptera,  hedgehog)  it  is  proportionately 
much  shorter  than  in  Man,  and  in  some  fishes  ( Lopliius  piscatorius, 
Orthagoriscus  viola ) it  is  reduced  to  a mere  short  appendage  of  the 
brain. 

In  Birds  the  posterior  columns  diverge  in  the  lumbar  region,  leaving 
a wide  rhomboidal  cleft  (sinus  rhomboidalis  posterior)  which  is  filled 
with  a peculiar  gelatinous  substance. 


B.  THE  BRAIN. 

i.  THE  AFTER-BRAIN. 

The  cross-section  of  the  system  increases  very  rapidly  in  its  transverse 
diameter  in  front  of  the  first  cervical  nerve.  The  spinal  cord  forms  into 
the  medulla  oblongata.  This  reaches  to  the  back  of  the  great  cross- 
fibres  of  the  pons  (figs.  11  and  12,  Po).  It  attains  a length  of  about  3 cm. 
On  the  surface  of  the  medulla  several  details  in  moulding  are  to  be  noticed. 
We  will  describe  the  furrows  first.  For  the  most  part  the  furrows  are 
longitudinal,  and  continue  upwards  the  sulci  of  the  cervical  cord. 
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The  anterior  fissure,  Fsla  (fig.  10),  extends  on  the  ventral  surface  as  far 
as  the  hack  of  the  pons ; it  is  very  shallow  in  the  lower  part,  but  deepens 
in  front,  and  ends  at  last,  where  the  pons  fibres  cross,  in  a blind  hole, 
foramen  ctecum  posterius,  Focp. 

A rather  shallow  fissure  forms  an  acute  angle  with  the  anterior  fissure 
at  the  hinder  end  of  the  medulla,  and  extends  forwards  as  far  as  the  border 


Fig.  11. — A preparation  similar  to  that  in  fig.  10,  seen  from  the  left  side  ( natural 
size).  Nerve  roots  are  for  the  most  part  cut  away. — II,  Nervus  opticus  ; IV, 
trochlearis ; VIII,  acusticus ; Alp,  ala  pontis ; Brc,  brachium  conjunctivum 
(superior  cerebellar  peduncle) ; Brqa,  anterior  brachium  ; Brqp,  posterior  brachium  ; 
Cgm,  corpus  geniculatum  mediale  ; Cgl,  corpus  geniculatum  laterale  ; Ch,  chiasmn 
nervorum  opticorum  ; Crst,  corpus  restiforme  ; Fbn,  fibrse  arcuate  ; Fna,  funiculus 
anterior ; Fill,  funiculus  lateralis  ; Fnp,  funiculus  posterior ; Fob,  funiculus 
obliquus  ; Olp,  glandula  pinealis  ; Lm,  lemniscus  or  fillet ; Oi,  inferior  olivo  ; Bo, 
pons,  cut  across  at  Po+  ; Pp,  pes  pedunculi  ; Pu,  pulvinar  thalami  ; Py,  pyramid  ; 
Qa,  corpus  quadrigeminum  anterior ; Qp,  corpus  quadrigeminum  posterior ; Sid, 
sulcus  lateralis  dorsalis  ; Sim,  sulcus  lateralis  mesencephali ; Slv,  sulcus  lateralis 
ventralis ; Spo,  sulcus  postolivaris  ; Spt,  sulcus  corp.  quad,  trails  versus  ; T II, 
tractns  opticus  ; TcR,  tuberculum  cinereum  Rolandi ; Tpo,  tenia  pontis ; Tpt, 
tractus  peduncularis  transversus  ; Tho,  thalamus  opticus,  cut  at  Tho  + . 

of  the  pons,  sulcus  parapyramidalis,  Sppy.  The  furrow  corresponding  to 
the  anterior  roots,  hardly  to  be  seen  in  the  cord,  is  more  distinct  in  some 
parts  of  the  medulla  oblongata,  sulcus  lateralis  ventralis  ( seu  interims 
olivre  seu  hypoglossi),  Slv.  Here  and  there,  however,  it  is  obliterated  bv 
crossing  fibres. 

The  following  sulci  belong  to  the  dorsal  surface  (figs.  11  and  12): 1, 
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Sulcus  lateralis  dorsalis,  Sid ; 2,  sulcus  paramedianus  dorsalis,  Spd ; 3,  in 
the  middle  line,  posterior  longitudinal  or  dorsal  fissure,  Fslp.  The  first  two 
incline  laterally  up  the  medulla,  the  sulcus  lateralis  can  be  followed  to  the 
pons,  the  sulcus  paramedianus  soon  disappears.  The  fissura  long.  dors, 
ends  suddenly  where  the  central  canal  opens  out  into  the  fourth  ventricle, 


Fig.  12. — Hind-brain,  mid-brain,  and  ’tween-brain  from  the  dorsal  surface  ( natural 
size).  The  greater  part  of  the  secondary  fore-brain  is  removed  by  four  sections,  one 
horizontal,  one  frontal,  and  two  sagittal.  Most  of  the  nerve-roots  are  cut  away. 
IV,  N.'trochlearis  ; VII,  nervus  facialis  ; VIII,  nervus  acusticus  ; Ac,  ala  cinerea  ; 
Brc,  brachium  cerebelli  ad  corp.  quad,  cut  at  Brc  + ; Brqa,  brachium  corp.  quad, 
anterior  ; Brqp,  brachium  corp.  quad,  posterior  ; Cgm,  corpus  geniculatum  mediale  ; 
Cl,  clava ; Coa,  commissura  anterior  ; Com,  commissura  mollis  ; Crst,  corpus  resti- 
forme  ; Cscr,  calamus  scriptorins  ; Et,  eminentia  teres  ; I'cl,  columnse  fornicis  . 
File,  funiculus  cuneatus  ; Fng,  funiculus  gracilis;  Fill,  funiculus  lateralis  ; loa, 
fovea  anterior  ; Frv,  frenulum  veli  anterioris  ; Fslp,  fissura  longitud.  posterior  ; 
Occ,  genu  corporis  callosi ; gk,  ganglion  habenula:;  Olp,  glandula  pinealis ; A, 
conductor  sonorus  vel  tractus  auditorius  ; Lc,  locus  cceruleus  ; Lg,  lingula  , Lin, 
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and  the  posterior  columns  diverge  to  the  two  sides  (calamus  scriptorius, 
Cscr),  exposing  the  fourth  ventricle. 

In  the  proximal  part  of  the  medulla  appears  a sharply  marked  fissure 
more  than  1 cm.  long,  the  sulcus  postolivaris  seu  retro-olivaris  (figs.  10  and 


lemniscus  or  fillet  ; M,  situation  of  foramen  of  Monro  ; Nc,  nucleus  caudatus  ; 
rde,  pedunonlus  conarii  ; Po,  pons  at  Po  + cut  across;  Pp,  pedunculus  cerebri; 
Pu,  pulvinar ; Qa,  corp.  quad,  anteriora  ; Qp,  corp.  quad,  posteriora  ; Slch, 

sulcus  choroideus ; Sid,  sulcus  lateralis  dorsalis ; Sim,  sulcus  longitudinalis 
mesencepliali ; Slmd,  sulcus  longitudinalis  medianus  ventriouli  quarti ; Spd, 
sulcus  paramedianus  dors. ; Spl,  septum  pellucidum  ; Sql,  sulcus  corp.  quadrig’. 
longitudinalis  ; Sqt,  sulcus  corp.  quadr.  transversus  ; Sic,  stria  cornea  ; Sim, 
stria*  medullares  acusticce  ; Tac,  trigonum  acustici ; Tba,  tuborculum  anterius  ; 
lbc,  tuberculum  cuneatum  ; Th,  trigonum  hypoglossi  ; Thos,  thalamus  opticus  ; 

f’  tnb'onum  habenula;  ; TvS,  tonia  ventriculi  tertii  ; Via,  anterior  horn  of 

lateral  ventricle ; Vma,  velum  medullare  anterius;  Vspl,  ventriculus  septi 

pellucidi.  1 
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11),  Spo.  It  extends  from  the  margin  of  the  pons  to  the  sulcus  lat.  vent. 
In  most  cases  a vessel  is  found  lying  in  it. 

The  swellings  which  these  furrows  throw  into  relief  are  not  equally 
prominent  in  all  brains.  The  anterior  columns  of  the  cord  are  pushed 
aside  by  the  pointed  extremities  of  the  pyramids  (fig.  10,  Pij)  until  they 
disappear  from  the  surface.  If,  pressing  the  pyramids  apart,  we  look  into 
the  fissura  longitudinalis  ventralis  we  see  it  thickly  set  with  fibre-bundles, 
belonging  to  the  pyramidal  crossing,  which  traverse  it  diagonally  caudal- 
wards.  A very  prominent  swelling,  the  inferior  olive  (eminentia  olivaris), 
0 to  7 mm.  broad  by  12  to  14  mm.  long,  lies  between  the  sulci  ventralis 
lateralis  et  postolivaris. 

A bundle  of  fibres,  fibrtc  arciformes,  Fha,  can  invariably  be  seen  arching 
round  the  hinder  end  of  the  olive  and,  to  a certain  extent,  spreading  over  it. 
It  is  not,  as  a rule,  raised  much  above  the  surface.  The  funiculi  siliqute 
are  minute  longitudinal  columns  occasionally  described  on  the  mesial  or 
lateral  side  of  the  olive. 

The  part  of  the  medulla  which  lies  between  the  sulcus  lat.  dors,  and 
the  fourth  ventricle  is  named  the  restiform  body ' (corpus  restiforme, 
inferior  peduncle  of  the  cerebellum,  brachium  cerebelli  ad  medullam 
oblongatam),  Crst.  Looked  at  from  the  surface  merely,  the  corpus 
restiforme  appears  as  if  it  were  the  continuation  upwards  of  the  posterior 
column  of  the  cord.  Both  constituents  of  the  posterior  column  swell  out 
somewhat  in  the  region  of  the  calamus  scriptorius.  The  swelling  of  the 
funiculus  gracilis,  which  is  known  here  as  the  clava,  Cl  (or  posterior 
pyramid),  is  more  distinct  than  that  of  the  funiculus  cuneatus  (tuberculum 
cuneatum),  The.  In  most  cases  a vacant  hollow  of  considerable  length 
intervenes  between  the  olive  and  the  corpus  restiforme.  In  the  distal 
end  of  it  is  found  a grey,  rounded  eminence,  tuberculum  cinereum  Rolandi, 
TcB,  only  distinguishable  in  the  brains  of  new-boni  children. 

A number  of  nerves  arise  from  the  medulla.  The  origin  of  the  first 
cervical  nerve,  Bad,  is  also  prolonged  upwards  into  this  region.  Between 
the  pyramid  and  the  olive,  and  extending  almost  the  whole  length  of  the 
latter,  come  out  the  root-fibres  of  the  hypoglossus  (fig.  10),  XII.  Between 
the  olive  and  the  corpus  restiforme  an  unintermpted  series  of  roots  take 
exit  to  join  the  n.  accessorius  "Willisii,  XI,  the  vagus,  X,  and  the  glosso- 
pharyngeal, IX. 

The  larger  part  of  the  n.  accessorius  arises  in  the  spinal  cord ; the 
root-fibres  which  pass  out  through  the  lateral  column  extend  as  far  down- 
wards as  the  fifth  pair  of  nerves.  It  is  impossible  to  distinguish  with 
certainty  the  upper  roots  of  the  n.  accessorius  which  are  attached  to  the 
medulla  in  the  region  of  the  olive  from  those  of  the  vagus,  or  the  vagus 
fibres  from  those  of  the  glossopharyngeal.  All  one  can  do  is  to  assign  the 
more  distal  fibres  to  the  accessorius,  the  more  proximal  to  the  glosso- 
pharyngeal. In  the  furrow  between  the  pons  and  the  pyramid,  2 mm. 
from  the  median  line,  the  n.  abducens  arises  in  several  bundles,  quickly 
uniting  together,  which  pass  out  in  the  transverse  furrow  between  the 
pyramid  and  the  pons. 
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Bundles  of  fibres,  strife  medullares,  Stm  (fig.  12),  take  origin  in  the 
floor  of  the  fourth  ventricle,  and,  encircling  the  corpus  restiforme,  just 
before  it  sinks  into  the  cerebellum,  join  with  another  bundle,  I III  (fig.  10), 
which  comes  out  from  the  corpus  restiforme  itself,  to  form  the  n.  acusticus. 
A little  swelling  at  the  edge  of  the  fourth  ventricle,  the  tuberculum 
acusticum,  corresponds  to  one  of  the  centres  from  which  the  eighth  nerve 
takes  origin  (its  accessory  nucleus).  Mosially  to  the  auditory  nerve  and 
rather  close  to  its  ventral  side  the  facial  nerve  takes  exit  in  a strong  bundle. 
The  description  of  the  floor  of  the  fourth  ventricle  will  follow  in  another 
place. 

Of  the  roof  of  the  after-brain,  so  far  as  it  concerns  the  fourth  ventricle, 
I shall  also  speak  elsewhere. 

With  regard  to  the  development  of  the  after-brain,  I will  only  say  here 
that  in  the  human  embryo  the  olives  appear  before  the  pyramids,  being 
distinguishable  as  early  as  the  third  month. 

The  only  animals  in  which  the  olives  are  noticeably  prominent  are 
apes  and  Cetacea,  and  even  in  the  lower  apes  the  prominence  is  very 
slight. 

In  no  animal  arc  the  pyramids  as  large  or  as  well-marked  externally  as 
in  man. 


2.  THE  HIND-BRAIN. 

The  pons,  Po,  comprises  an  immense  tract  of  crossing  fibres,  measuring 
about  3 cm.  from  before  backwards,  and  4 cm.  from  side  to  side.  At  either 
side  the  pons  constitutes  a more  rounded  column,  the  middle  cerebellar 
peduncle  (brachium  cerebelli  ad  pontem),  fig.  12,  Po  + , which  passes 
dorsally  into  the  cerebellum.  This  closes  the  ring  through  which  the 
columns  of  the  hind-brain  must  pass  on  their  road  forwards. 

The  cerebellum,  looked  at  from  above  (dorsally),  presents  a deep 
notch,  incisura  marsupialis,  Im.  On  its  ventral  or  under  margin  is  a 
shallower,  broader  notch,  incisura  semilunaris,  Id.  The  former  contains 
the  process  of  the  dura  mater  known  as  the  falx  cerebelli,  while  the  latter 
is  filled  up  with  a portion  of  the  mid-brain  (Mh).  On  the  dorsal  surface  a 
ridge  extends  from  the  one  notch  to  the  other,  from  which  (as  from  the 
roof-tree  of  a house)  the  two  surfaces  of  the  cerebellum  slope  away.  On 
either  side  of  this  ridge  a shallow  groove,  sulcus  longitudinalis  superior 
cerebelli,  Slsp,  marks  off  the  superior  vermis,  Vrsp,  from  the  lateral 
lobes. 

The  dorsal  surface  of  the  cerebellum  is  completely  covered  in  grey 
cortex-substance. 

The  ventral  side  of  the  cerebellum  can  only  be  seen  by  cutting  through 
the  massive  columns  which  unite  it  with  the  other  parts  of  the  central 
nervous  system.  On  this  side  the  median  part  or  vermis  inferior  (fig.  14), 
Vrif,  is  sharply  cut  off  by  deep  furrows,  sulci  longitudinales  inferiores  (Slif), 
from  the  lateral  hemisphere.  The  great  lateral  hemispheres  arch  over  and 
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hide  the  vermis  inferior,  shutting  it  up  in  the  vallecula.  It  can  only  be 
brought  into  view  by  pressing  the  hemispheres  aside. 

The  anterior  part  of  the  vermis  inferior  does  not  reach  into  the  incisura 
semilunaris.  A layer  of  white  substance  extends  brainwards  in  front  of  it, 
the  velum  medullare  anterius  or  roof  of  the  front  part  of  the  fourth 
ventricle ; on  this  is  borne  a recurved  part  of  the  superior  vermis.  It 
follows  from  this  that  the  superior  vermis  is  much  longer  than  the 
inferior.  The  ventral  surface  of  the  cerebellum  is  not  entirely  covered 
with  grey  matter. 


Fig.  13. — Cerebellum,  dorsal  view  ( natural  size).  The  mid-brain  is  cut  across  behind 
the  corpora  quadrigemina  at  Mh. — Al,  Lateral  angle  of  hemisphere  ; IT,  hemispheres 
of  cerebellum,  dexlcra  et  sinistra  ; Jm,  incisura  marsnpialis  ; Jsl,  incisura  semi- 
lunaris ; Lg,  lingula  ; Lsa,  lobus  superior  anterior  ; Lsm,  lobus  superior  medius  ; 
Lsp,  lobus  superior  posterior  ; Slim,  sulcus  horizontalis  maguus ; Ssa,  sulcus 
superior  anterior  ; Ssp,  sulcus  superior  posterior  ; Vrsp,  vermis  superior. 

The  surface  of  the  cerebellum  is  broken  up  in  a characteristic  way  by 
a large  number  of  furrows.  They  are  not,  as  a superficial  examination 
would  lead  one  to  think,  of  anything  like  equal  depth.  If  the  cerebellum 
is  cut  at  right  angles  to  the  direction  which  these  furrows  assume,  it  will  be 
seen  that  some  of  them  extend  so  much  deeper  than  others  as  to  make  it 
possible  to  divide  the  organ  into  lobes  (fig.  15). 

There  is  no  uniformity  in  the  classification  of  these  lobes  and  their 
nomenclature.  The  lobes  are  divided  by  secondary  furrows  into  lobules, 
which  again  bear  convolutions.  The  greatest  fissure  is  the  sulcus  horizontalis 
magnus,  Slim,  which  divides  the  cerebellum  into  an  upper  [in  lower  animals 
anterior]  and  lower  [or  posterior]  part.  This  deepest  and  most  constant 
of  the  fissures  of  the  cerebellum  originates  at  the  middle  peduncle,  and 
extends  around  the  cerebellum  almost  parallel  to  its  border.  At  first  it  lies 
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a little  on  the  under  surface,  near  the  incisura  marsupialis,  it  then  extends 
over  the  border,  and  for  a short  distance  before  its  termination  belongs  to 
the  upper  surface  (fig.  13). 

The  fissures  on  the  upper  surface  are  thickly  set.  They  form  arches 
parallel  to  the  hinder  border  of  the  cerebellum  and  the  incisura  semi- 
lunaris, the  centre  of  their  curvature  being  situate  in  the  region  of  the 
corpora  quadrigemina.  Two  of  these  are  fairly  constant  and  important ; 
they  divide  the  upper  surface  of  each  hemisphere  into  three  divisions. 
They  are  named  sulci  cerebelli  superiores  anterior,  Ssa,  et  posterior,  Ssp. 
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Fig.  14. — Cerebellum  from  the  ventral  side.  AW.  size.  The  cerebellar  peduncles  are 
cut  at  x . The  anterior  lamina  tectoria  is  cut  away  from  its  attachment  to  the 
mid-brain.  The  lobus  anterior  inferior  is  broken  away  from  the  left  hemisphere. — 
Al,  Angulus  lateralis ; FI,  flocculus ; Fist,  pedunculus  flocculi  ; Hdex,  right 
hemisphere  ; Esin,  left  hemisphere  ; Jm,  incisura  marsupialis ; Jsl,  incisura 
semilunaris  ; Lc,  lobulus  centralis  ; Lia,  lobus  inferior  ant.  ; Lim , lobus  inf. 
med. ; Lip,  lobus  inf.  post. ; Lsa,  lobus  sup.  ant. ; Lsm,  lobus  sup.  med. ; Lsp, 
lobus  sup.  post. ; No,  nodulus  ; Pye,  pyramid  ; SJl,  sulcus  flocculi  ; Shm,  sulcus 
horizontalis  magnus  ; Sia,  sulcus  inf.  ant. ; Sip,  sulcus  inf.  post.  ; Slif,  sulcus 
longitudinalis  inf. ; Ssa,  sulcus  sup.  ant.;  Ssp,  sulcus  sup.  post.;  Uv,  uvula;  Vvia, 
velum  medullare  anterius  ; Vmp,  velum  medullare  posterius  ; Vrif,  vermis  inferior. 

The  anterior  fissure  (fig.  1 4)  commences  on  the  middle  peduncle  and  crosses 
the  vermis  to  join  the  fissure  on  the  opposite  side.  The  upper  surface  of 
the  vermis  is  divided  by  it  into  two  almost  equal  segments  (fig.  13).  The 
posterior  fissure  commences  in  the  great  horizontal  sulcus,  a little  in  front 
of  the  postero-external  angle  of  the  cerebellum.  Crossing  the  upper  surface 
it  almost  reaches  the  horizontal  sulcus  again  at  the  spot  where  the  latter 
passes  on  to  the  vermis,  without,  however,  actually  joining  it. 

The  fissures  on  the  under  surface  of  the  cerebellum  present  the  same 
want  of  regularity.  Two  principal  fissures  are,  however,  again  to  be 
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recognised,  sulci  cerebelli  inferiores  anterior  et  posterior,  Sia  and  Sip. 
Another  short  but  deep  fissure  leaves  the  great  horizontal  fissure  in  a 
gentle  curve  directed  backwards,  and  ends  in  the  groove  between  the  cere- 
bellum and  the  medulla,  sulcus  fiocculi,  Sfl.  The  anterior  inferior  sulcus 
does  not  commence  as  does  the  posterior  inferior  in  the  great  horizontal 
sulcus,  but  in  the  floccular  sulcus. 

The  disposition  of  the  sulci  on  the  vermis  is  best  seen  in  a median  sagittal 
section  (fig.  15).  Both  its  superior  and  inferior  surfaces  are  crossed  by 
three  chief  fissures  which  are  too  short  to  need  separate  names.  As  a rule, 
no  distinct  furrow  separates  the  upper  from  the  under  vermis ; the  con- 
tinuation across  the  middle  line  of  the  great  horizontal  fissure  may  be  used 
for  this  purpose. 

The  above-named  fissures  divide  the  surface  of  the  cerebellum  into  lobes 
and  lobules.  On  the  under  surface  at  any  rate  they  are  not  sufficiently 
constant  to  allow  of  a uniform  nomenclature. 

The  hemispheres  are  divided  into — on  the  upper  surface  : — 

Anterior  lobe,  Lsa,  seu  lunatus  anterior,  ) 

Middle  „ Lem,  „ „ posterior, } Lobus  fi^drangulus. 

Posterior  „ Lsp,  „ semilunaris  superior. 


On  the  under  surface  : — 

Anterior  lobe,  Lia,  seu  amygdala,  seu  tonsil. 

Middle  „ Lim,  „ ( f®01.1.18,  . , . 

( cuneiformis,  seu  biventer. 

Posterior  „ Lip,  „ semilunaris  inferior. 


The  three  upper  as  well  as  the  two  posterior  lobes  on  the  under  surface 
have  a pronounced  semilunar  form.  Only  the  anterior  lobe  or  tonsil,  which 
pushes  itself  in  towards  the  middle  line,  has  a more  complicated  shape. 
The  two  tonsils  from  opposite  sides  meet  in  the  middle  line  above  the 
medulla  oblongata,  hiding  the  inferior  vermis,  and  forming  a close-fitting 
grooved  cowl  for  its  dorsal  side.  The  floccular  sulcus  cuts  off  a small,  but 
very  conspicuous,  lobe,  the  flocculus  or  lobus  vagi,  FI,  which  occupies  the 
commencement  of  the  great  horizontal  fissure  resting  on  the  middle 
peduncle.  Some  small  accessory  lobules,  which  lie  beside  the  flocculus  on 
the  middle  peduncles,  are  known  as  accessory  flocculi. 

Proceeding  from  the  front  of  the  vermis  backwards  along  its  upper 
surface,  and  continuing  our  course  along  its  under  surface  (fig.  15),  we 
find : — 

1.  The  lingula,  Lcj,  a tiny  tongue-shaped  lobule,  made  up  of  from  five  to 
eight  minute  convolutions,  lying  on  the  velum  medullare  anterius,  Vma. 
It  generally  presents  a sagittal  furrow  in  the  middle  line.  Sometimes  its 
under  surface  is  free  from  the  velum,  in  which  case  it  also  is  marked  by 
transverse  convolutions.  The  lingula  extends  on  either  side  in  a little 
leaflet,  the  frenulum  lingulae,  which  represents  an  atrophied  portion  of  the 
lateral  hemisphere. 
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2.  The  central  lobe,  Lc,  corresponds  to  a single  division  (the  most 
anterior)  of  the  medullary  substance,  and  projects  forwards  until  it  touches 
the  back  of  the  corpora  quadrigemina.  To  this  piece  of  the  vermis  again 
belongs  an  inconspicuous  portion  of  the  hemisphere,  the  ala  lobi  centralis. 

3.  The  upper  lobe  of  the  vermis  (or  monticulus)  comprises  by  far  the 
largest  part  of  the  vermis.  It  is  again  divided  into  two — (a)  eulmen  (apex), 
C\  reaching  as  far  backwards  as  the  union  of  the  anterior  superior  sulci  of 
the  two  sides,  Ssa;  (b)  declive,  Dc,  reaching  thence  backwards  to  the 
posterior  superior  fissure  ( Ssp ). 

Both  to  the  upper  and  the  under  vermis  belong : 

4.  The  posterior  lobe  of  the  vermis;  divided  again  into  (a)  the  little 
folium  cacuminis,  Fee,  a single  convolution  bounded  by  the  posterior 
superior  and  the  great  horizontal  sulci ; (b)  the  tuber  valvuhu,  To. 

5.  The  pyramis,  Pye,  is  the  next  section  of  the  vermis,  consisting  of 
from  five  to  eight  folia.  It  attains  to  its  greatest  breadth  behind  the 
amygdalae. 

6.  The  part  of  the  inferior  vermis  in  front  of  the  pyramis  is  narrow  and 
shaped  like  a steep  house-roof.  It  is  called,  on  account  of  its  situation 
with  regard  to  the  tonsils,  the  uvula,  Uv  ; it  presents  six  to  ten  free  trans- 
verse folia. 

7.  Lastly,  in  front  of  the  uvula  projects  a little  knob,  the  nodulus,  No. 

[The  importance  of  these  names  is  somewhat  diminished  by  the  fact  that, 

as  can  be  seen  in  fig.  15,  they  do  not  exhaust  the  lobes  of  the  vermis,  and 
also  by  a doubt  as  to  their  morphological  value.  No  serious  attempt  has 
yet  been  made  to  trace  the  lobation  of  the  cerebellum  throughout  the 
vertebrata.] 

An  exact  correspondence  of  furrows  and  convolutions  in  the  two  hemi- 
spheres is  not  to  be  looked  for. 

Anomalies  of  convolution,  striking  deviations  from  the  ordinary  course  of 
the  above-named  furrows  and  convolutions  of  the  cerebellum  that  is  to  say, 
occur  very  seldom.  The  peculiar  formation  known  as  Lobus  medianus 
cerebelli  deserves  mention.  In  this  anomalous  formation  the  place  of  the 
parallel  sulci  longitudinales  superiores  is  taken  by  two  very  marked  sidci 
arising  from  the  incisura  marsupialis  and  diverging  as  they  proceed  forwards, 
so  that  the  vermis  superior  assumes  the  shape  of  a triangle  with  its  base  to 
the  front.  It  is  also  considerably  larger  than  in  normal  brains.  This  ab- 
normal development  is  said  to  be  commonest  in  the  brains  of  criminals  and 
madmen  ( Lombroso , Flesch),  but  it  occurs  in  others  also. 

The  medullary  centre  of  the  cerebellum  consists  of  two  egg-shaped 
masses  of  white  substance  belonging  to  the  hemispheres,  and  united 
together  by  the  medullary  substance  of  the  vermis.  The  white  substance 
is,  in  the  main,  a repetition  in  miniature  of  the  whole  cerebellum ; but 
the  portion  belonging  to  the  vermis  is  not  relatively  so  large  as  the  rest. 

Portions  of  the  medullary  centre  are  prolonged  into  the  lobes  and  lobules, 
dividing  repeatedly,  and  occupying  the  centres  of  all  the  folia.  A special 
description  of  these  divisions  of  the  medullary  substance  is,  therefore, 
unnecessary.  Those  of  the  vermis,  as  they  are  represented  in  fig.  15, 
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may  be  mentioned.  The  central  white  substance  of  the  vermis,  called 
corpus  trapezoides  (a  name  which  has  given  rise  to  mistakes),  gives  off-  two 
principal  branches.  One  of  these,  the  vertical  branch,  Rv,  projects  upwards 
into  the  monticulus.  The  other,  or  horizontal  branch,  Rh,  is  directed  back- 
wards into  the  central  mass  of  the  hinder  lobes  ; quite  near  its  origin  this 
horizontal  limb  gives  a considerable  branch  downwards  into  the  pyramid. 
A less  important  branch  passes  in  front  of  the  vertical  ramus  into  the  cen- 
tral lobe,  while  another  is  continued  in  front  of  the  horizontal  one  into  the 
uvula.  A still  smaller  branch  enters  the  nodule,  whilst  the  most  minute  of 
all  forms  the  medullary  substance  of  the  lingula.  The  branches  of  the 
vermis  taken  together  constitute,  with  their  cortical  covering,  the  arbor 
vitse. 

In  connection  with  the  cerebellum,  although  not  really  belonging  to  it, 
for  it  forms  rather  the  embryonal  roof  of  the  fourth  ventricle,  the  velum 
medullare  posterius  Tarini  (sew  valvula  semilunaris),  Vinp,  must  occupy 
our  attention.  To  exhibit  this  structure  it  is  necessary  to  cut  off'  the 
medulla  oblongata  at  the  level  of  the  hinder  border  of  the  pons,  and  then 
to  break  off  the  tonsils  of  the  cerebellum.  Fig.  14  shows  the  left  velum 


Fig.  15. — Sagittal  section  through  the  brain  in  the  median  line.  Right  half.  Nat.  size. 
Of  the  cortex  of  the  cerebrum  only  a part  of  the  frontal  region  is  drawn. — II, 
Nervus  opticus  ; III,  nervus  oculomotorius  ; A AS,  aditus  ad  aquceductum  Sylvii  ; 
AS,  aquseductus  Sylvii ; Cc,  canalis  centralis  ; Cell,  corpus  callosum  ; Ch,  chiasma 
nervorum  opticorum  ; Cm,,  corpus  mammillare ; Coa,  commissura  anterior ; Cola, 
commissura  baseos  alba  ; Com,  commissura  mollis  ; Cop,  commissura  posterior  ; 
Cscr,  calamus  scriptorius  ; Cu,  culmen  ; T)e,  declive  ; Fee,  folium  cacuminis  ; Fcl, 
columns  fornicis  cut  across  at  + ; Fna,  funiculus  ant.  med.  spinalis  ; Fnp,  funiculus 
post.  med.  spin.;  Foca,  foramen  caecum  ant.;  Foep,  foramen  ctecum  post.;  Gee,  genu; 
Ch,  ganglion  habenula;  ; Glp,  glandula  pinealis  ; Ey,  hypophysis  ; Le,  lobulus  cen- 
tralis ; Lg,  lingula;  Lia,  lobus  inf.  ant.;  Lim,  lobus  inf.  med. ; Lip,  lobus  inf.  post.; 
Lsm,  lobus  sup.  med.;  Lsp,  lobus  sup.  post.;  Lt,  lamina  tcrminalis;  M,  situation 
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medullare  posterius  on  the  right-hand  side  of  the  picture.  Each  tonsil  is 
now  seen  lying  with  its  upper  surface  in  a hemispherical  depression,  the 
floor  of  which  is  not  formed  by  the  substance  of  the  cerebellum  but  by 
a delicate  transparent  membrane,  which  stretches  from  the  uvula  and 
nodule  on  either  side  as  a semilunar  leaflet  attached  along  its  posterior 
convex  border  to  the  cerebellum,  but  presenting  a free  concave  border 
directed  forwards.  It  is  comparable  in  appearance  to  one  of  the  semilunar 
aortic  valves.  Laterally  the  free  edge  is  prolonged  into  a bundle  of  nerve- 
fibres,  which  can  be  followed  as  far  as  the  flocculus,  Fist ; stalk  of  the 
flocculus. 

Grey  matter  is  also  to  be  found  in  the  medullary  centre  of  the  cere- 
bellum. It  can  be  shown  by  cutting  the  cerebellum  horizontally,  the 
section  following  the  sulcus  horizontalis  magnus,  or  by  making  at  right 
angles  to  this  sulcus  a section  inclining  obliquely  outwards  and  backwards 
from  the  incisura  semilunaris.  In  either  case  the  corpus  deutatum  cerebelli, 
Ndt,  appears  as  a narrow  grey  zigzag  band. 

The  corpus  dentatum,  Ndt,  fig.  1 6 (sen  nucleus  dentatus  seu  fimbriatus 
seu  lenticulatus,  corpus  ciliarc  seu  rhomboideum),  is  a puckei’ed  up  bag 
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of  foramen  of  Monro  ; Nc,  nucleus  caudatus  ; No,  nodulus ; Nt,  nucleus  tecti  • 
Po,  pons  ; Pp,  pes  pcdunculi  ; Pspl,  pedunculus  septi  pellncidi  cut  at  + • Pu 
pulvinar  thalami  ; Pi/c,  pyramis  cerebelli  ; Qa,  corpus  quadrigeiuinum  anterius  ’• 
Qp,  corpus  quadrigeminum  posterius  ; Pcc,  rostrum  ; Rh,  ramus  medullaris  hori- 
zontalis ; Rif,  infundibulum;  Rip,  recessus  infrapinealis  ; R0,  recessus  opticus- 
Rtrc,  rima  transverse  cerebri ; Rv,  ramus  medullaris  verticals ; Slim  sulcus 
horizontalis  magnus  ; Sia,  sulcus  inf.  ant.  ; Sip,  sulcus  inf.  post’.  ; SIM,  sulcus 
Monroi ; Spec,  splenium  ; Sqt,  sulcus  corp.  quad,  transversus  ; Ssn  sulcus  sup 
ant  ; Ssp,  sulcus  sup.  post.;  Sic,  stria  cornea;  Tic,  tuber  cinereum  ; Thom 
thalamus  opticus,  mesial  surface  ; Thos,  thalamus  opticus,  upper  surface  • Tv 
tuber  valvulte  ■ Tv3,  taenia  veutriculi  tertii ; Uv,  uvula  ; Vma,  velum  medullare 
ant.  ; V4,  fourth  ventricle. 
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of  grey  substance,  the  open  mouth  of  which  looks  a little  mesially  and 
ventrajly.  It  lies  in  the  mesial  half  of  the  hemisphere,  and  so  close  to  the 
ventricle  that  it  is  only  separated  from  it  by  a thin  layer  of  white  substance. 
Its  longest  anteroposterior  diameter  (converging  somewhat  with  that  of  the 
opposite  side)  is  about  2 cm.  The  corpus  dentatum  is  not  seen  in  its 
greatest  extension  in  a frontal  section. 

Another  not  well-defined,  light  grey  or  brownish  mass,  oval  in  shape, 
appears  between  the  two  corpora  dentata  in  a frontal  section.  This  is 
Stilling’s  roof-nucleus,  Nt  (nucleus  tecti  seu  fastigii,  substantia  ferruginea 
superior).  Between  the  corpus  dentatum  and  the  nucleus  of  the  roof  are 
some  little  scattered  clumps  of  grey  matter  which  Stilling  names  the  nuclei 
emboliformis  et  globosus.  Meynert  calls  them  both  the  nuclei  subdentati 
(gezackte  nebenkerne).  In  fig.  16,  taken  from  the  brain  of  the  monkey, 
these  nuclei  are  not  visible. 

The  medullary  substance  of  the  cerebellum  is  supplied  by  large  white 
bundles  which  stream  into  this  organ  on  three  sides.  One  of  these 
bundles,  the  corpus  restiforme,  which  skirts  the  margin  of  the  fourth 
ventricle,  has  been  already  noticed,  Crd. 

The  middle  and  largest  peduncles  of  the  cerebellum,  which  unite  it  with 
the  pons,  have  also  been  noticed.  They  belong  altogether  to  the  hind- 
brain. Uenla  may  be  followed  in  considering  the  line  joining  the  points 
of  exit  of  the  trigeminal  and  facial  nerves  (fig.  10)  as  the  division  between 


Fig,  16.— Frontal  section  through  the  medulla  oblongata  and  cerebellum  of  an  ape 
(twice  natural  size). — VIII,  Nervus  acusticus  ; Vlllh,  chief  auditory  nucleus  ; IX, 
liervus  glossopharyngeus  ; Co- 1-,  superior  commissure  (and  decussation);  C rst, 
corpus  restiforme  ; Flp,  fasciculus  longitudinalis  post.  ; H,  hemisphere  of  cere- 
bellum ; Ndt,  nucleus  dentatus  ; No,  nucleus  olivaris ; Nt,  nucleus  tecti ; ly, 
anterior  pyramid  of  the  medulla ; lla,  raphe ; Vjf,  ventriculus  quartus ; Va, 
ascending  root  of  trigeminus ; Vrsp,  vermis  superior. 


the  middle  peduncle  and  the  pons  proper.  The  greater  number  of  fibres 
in  the  pons  are  directed  transversely  ( Foville  compares  their  appearance  as 
seen  from  the  mid-ventral  line  to  a head  of  hair  parted  in  the  middle) ; 
a broad  band  of  fibres  is,  however,  conspicuous  in  the  anterior  half  of  the 
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pons,  which,  starting  in  the  usual  direction,  subsequently  inclines  back- 
wards and  outwards  over  the  surface  of  the  others  towards  the  point  of 
exit  of  the  facial  nerve.  It  is  called  the  fasciculus  obliquus  (ruban  fibreux 
oblique  of  Foville),  fig.  10,  Fob. 

A bundle  of  fibres,  the  ponticulus,  Pol,  is  usually  to  be  seen  along  the 
hinder  border  of  the  pons,  spreading  over  the  pyramid. 

The  third  pair  of  cerebellar  peduncles,  which  have  not  yet  been  men- 
tioned, pass  from  this  organ  towards  the  great  brain  converging  in  this 
direction  much  in  the  same  way  as  the  posterior  peduncles  converge  spine- 
wards.  They  and  the  posterior  peduncles  together  bound  a rhomboidal 
space ; sinus  rhomboidalis  (or  fourth  ventricle).  They  look  as  if  they  went 
to  the  corpora  quadrigemina,  and  hence  have  been  named  by  mistake  the 
processus  cerebelli  ad  corpora  quadrigemina.  They  are  also  named  the 
brachia  conjunctiva  (seu  conjunctoria,  processus  cerebelli  ad  cerebrum) ; 
compare  figs.  11  and  17,  Brc. 

Between  the  mesial  edges  of  the  anterior  peduncles  lies  a thin  tongue- 
shaped membrane  with  its  point  turned  brainwards,  the  velum  medullare 
anterius,  Vma , already  described  ; on  it  lies  the  lingula,  Lg. 

The  lateral  borders  of  the  anterior  peduncles  are  not  really  visible,  for 
as  they  converge  forwards  to  slip  under  the  posterior  tubercles  of  the 
corpora  quadrigemina  they  are  overlapped,  even  from  the  moment  that 
they  leave  the  pons,  by  two  other  white  tracts,  the  lemnisci,  which  converge 
more  quickly  than  the  anterior  peduncles,  and  almost  reach  the  middle 
line  in  front  of  the  point  of  the  velum  medullare.  The  lemniscus  (fillet, 
laqueus,  ruban  de  Reil),  Lm,  has  a triangular  form  (hence  its  occasional 
name  of  trigonum  lemnisci),  and  is  usually  divided  into  two  parts  by  a 
shallow  furrow,  which  also  runs  brainwards  and  mesially.  An  isolated 
bundle  can  almost  always  be  seen  lying  in  the  furrow  between  the  anterior 
border  of  the  pons  and  the  superior  cerebellar  peduncles  ; passing  on  round 
the  cerebral  peduncles  it  sinks  at  last  into  the  fissure  between  them.  This 
bundle,  the  tsenia  pontis,  Tpo  (fig.  11),  can  sometimes  be  lifted  up  for  a 
considerable  distance  as  a free  cord. 

It  has  already  been  mentioned  that  the  great  fifth  nerve  takes  its  exit 
from  the  pons  near  its  anterior  border.  The  motor-root  is  attached  in  front 
of  the  larger  sensory  one,  fig.  10,  Vm  and  Fs. 

The  floor  of  the  fourth  ventricle  (sinus  sive  fossa  rhomboidalis)  is 
exposed  by  cutting  the  cerebellum  from  all  its  connections  with  the  rest  of 
the  brain.  It  is  longest  in  its  antero-posterior  diameter  (about  3 cm.).  Its 
greatest  breadth  (about  2 cm.)  is  in  the  line  connecting  the  attachments  of 
the  auditory  nerves.  The  margins  of  the  sinus  rhomboidalis  are  formed  in 
front  by  the  superior  cerebellar  peduncles,  and  by  the  corpora  restiformia 
behind. 

Of  the  two  diagonals  of  the  sinus,  the  longitudinal  is  marked  by  a con- 
spicuous fissure  (sulcus  medianus  longitudinalis  sinus  rhomboidalis),  Slmd, 
while  transverse  bundles  of  fibres  (stri®  medullares,  seu  acustic®,  seu 
chord®  acustic®,  barbe  de  Piccolomini),  Stm,  starting  in  the  middle 
line,  pass  outwards  to  encircle  the  corpora  restiformia,  and  join  the  auditory 
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nerve.  These  striae  acusticae  are  subject  to  great  individual  variations. 
They  may  in  exceptional  cases  bo  absent  on  one  side,  or  even  on  both  sides. 
Occasionally  they  are  very  strongly  developed.  Sometimes  individual 
bundles  cross  over  one  another  during  their  course.  Bundles  lying  quite 
free,  not  fused  with  the  floor,  may  also  be  met  with.  Besides  the  usual 
tracts  which  cross  the  corpus  restiforme  to  join  the  auditory  nerve,  other 
bundles  of  white  fibres  are  also  generally  to  be  met  with  in  the  floor  of  the 
fourth  ventricles,  such  a bundle  [the  conductor  sonorus  sett  tractus 
acusticus],  the  ‘ Klangstab  ’ of  Bergmann , fig.  23,  A”,  is  often  to  be  found 
originating  in  the  median  fissure,  near  the  stria;  medullares,  and  passing 
obliquely  outwards  and  forwards  towards  the  anterior  cerebellar  peduncles. 
It  is  often  more  strongly  developed  on  the  left  side.  The  angle  which  it 
forms  with  the  middle  line  varies  considerably.  It  frequently  bridges  over 
some  of  the  stria;  medullares  at  its  origin.  Sometimes  it  runs  brain  wards 
by  the  side  of  the  sulcus  longitudinalis  medianus  and  almost  parallel  to  it. 
Its  thickness,  too,  varies  greatly  in  individual  brains,  and  it  often  consists 
of  several  separate  bundles  of  different  course. 

Three  divisions  can  be  recognised  in  the  posterior  half  of  the  sinus 
rhomboidalis  on  either  side  of  the  middle  line.  The  most  mesial  of  these 
forms  a right-angled  triangle  with  the  right  angle  bounded  on  one  side  by 
the  median  fissure,  on  the  other  by  the  stria;  acustica;,  the  apex  lying 
near  the  calamus  scriptorius.  This  triangular  region  is  covered  with 
white  substance ; it  corresponds  in  the  main  with  the  nucleus  of 
the  hypoglossal  nerve,  and  may,  therefore,  be  named  the  trigonum 
hypoglossi,  Th. 

Laterally  to  this  triangle  lies  another  with  its  apex  against  the  stria; 
acustica;.  Its  surface  is  a little  depressed  below  the  rest  of  the  floor  of  the 
fourth  ventricle  and  is  grey  in  colour.  Since  it  corresponds  very  closely 
to  the  nuclei  of  the  vagus  (and  glossopharyngeus)  it  may  be  called  the 
trigonum  vagi  (it  is  more  often  named  ala  cinerea,  hence  the  lettering  Ac). 
The  lateral  portion  of  the  posterior  half  of  the  floor  of  the  fourth  ventricle 
is  raised  above  the  general  surface.  It  extends  beyond  the  stria;  acusticae 
brainwards,  and  there  attains  its  greatest  development.  It  is  termed  the 
tuberculum  acusticum  [a  well-marked  swelling  in  the  child’s  medulla], 
since  it  corresponds  to  a group  of  nerve-cells  which  many  regard  as  the 
nucleus  of  this  nerve. 

On  the  proximal  [anterior]  half  of  the  floor  of  the  fourth  ventricle  is  a 
cylindrical  eminence,  about  4 mm.  broad,  lying  on  either  side  the  middle 
line.  Commencing  as  the  continuation  upwards  of  the  trigonum  hypo- 
glossi, it  extends  to  the  front  of  the  fourth  ventricle  beneath  the  corpora 
quadrigemina ; at  their  upper  part,  owing  to  the  drawing  together  of  the 
superior  cerebellar  peduncles,  these  eminences,  Et,  eminentiee  teretes 
(wrongly  called  funiculi  teretes),  are  somewhat  contracted. 

Laterally  to  the  eminentia  teres  a depressed  spot  is  visible,  the  fovea 
anterior,  Fna,  distinguished,  as  a rule,  by  the  presence  of  a fairly  large 
superficial  vein.  I have  already  pointed  out  that  the  area  acustica  extends 
into  the  anterior  part  of  the  fourth  ventricle. 
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Lastly,  in  the  front  of  the  floor,  near  the  lateral  angle,  is  to  be  noticed 
a dark  brown  or  bluish  space,  stretching  forwards  for  from  4 to  6 mm.  as 
far  as  the  corpora  quadrigemina,  locus  cooruleus,  Lc.  Its  colour,  which  is 
not  always  visible  until  the  surface  has  been  scratched,  is  due  to  a strongly 
pigmented  group  of  nerve-cells,  substantia  ferruginea,  which  shows  through 
the  upper  layer  of  the  medulla. 

At  its  proximal  extremity  the  ventricle  has  a breadth  of  3 mm. 
Beneath  the  corpora  quadrigemina  it  sinks  into  the  aqureductus  Sylvii,  Qp. 

The  cerebellum  cannot  be  looked  upon  as  a portion  of  the  roof  of  the 
hind-brain.  It  is  a secondary  formation  which  grows  later  from  the  two 
sides  and  arches  over  the  fourth  ventricle.  The  following  structures  cover 
in  the  ventricle  : — 

1.  The  front  is  covered  by  the  velum  medullare  anterius. 

2.  The  middle  part  by  the  vela  medullaria  posteriora. 

3.  The  roof  of  the  hinder  part  of  the  ventricle  is  formed  by  a thin 
vascular  membrane,  reduced  for  the  greater  part  of  its  extent  to  a triangular 
layer  of  epithelium  and  pia  mater,  tela  choroidea  inferior  ventriculi  quarti. 
This  is  continuous  in  front  with  the  vela  posteriora.  It  is  shown  when  the 
back  of  the  cerebellum  is  lifted  up  from  the  medulla  oblongata.  Some 
other  small  and  unimportant  developments  (little  plates  of  white  matter) 
are  found  in  this  part  of  the  ventricle,  namely,  the  obex  (often  absent) 
which  fills  in  the  angle  between  the  diverging  funiculi  graciles  and  the 
tsenise  ventriculi  quarti,  Alp  (ligulm,  aim  pontis,  ponticulus),  fig.  11,  which 
skirt  the  outer  margin  of  the  ventricle  as  far  forwards  as  the  striae  acusticm. 
These  little  plates  of  white  matter  are  very  delicate  and  easily  tom  off  with 
the  membranous  roof  of  the  ventricle  with  which  they  are  intimately  con- 
nected ; in  fig.  12  they  are  only  partly  visible.  The  base  of  the  triangular 
membrane  corresponds  to  the  vermis,  and  fuses  with  its  pia  mater. 

A peculiar  shaggy  plexus  of  vessels,  the  plexus  choroideus  cerebelli 
medialis,  hangs  to  the  under  surface  of  the  tela  choroidea  on  either  side  of 
the  middle  line.  The  depending  fringes  commence  at  the  calamus  scrip- 
torius,  and  take  a sagittal  direction  as  far  forwards  as  the  back  of  the 
velum  medullare  postorius.  Here  they  turn  outwards,  and  lying  on  the 
under  side  of  the  cerebellum,  run  along  the  stalks  of  the  flocculi  to  meet 
the  auditory  nerves,  where  they  form  a somewhat  larger  coil,  the  plexus 
choroideus  cerebelli  lateralis  (ala,  plexus  nervi  vagi).  In  the  part  of  the 
roof  of  the  ventricle,  which  is  thinned  out  as  the  tela  choroidea, 
three  gaps  are  formed  during  the  course  of  development,  the  only  com- 
munications, perhaps,  between  the  brain-ventricles  and  the  pericerebral 
space.  Between  the  two  plexus  choroidei  mediales,  and  just  in  front  of  the 
calamus  scriptorius,  a large  hole  is  pierced  in  the  roof,  easy  to  demonstrate 
although  at  one  time  its"  existence  was  much  doubted,  the  foramen  Magendii 
(apertura  inferior  ventriculi  quarti,  orifice  commun  des  cavitds  de  l’cnce- 
phalo).  We  often  find  the  tela  choroidea  pierced  in  this  place  by  several 
irregular  holes  instead  of  a single  opening.  In  the  embryo  the  foramen 
Magendii  is  said  to  be  clearly  distinguishable  at  the  end  of  the  fifth  month. 
There  arc  also  always  to  be  found,  as  Key  and  Retzius  have  proved,  two 
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other  openings,  which  lie  at  the  lateral  angles  (recessus  laterales  ventricnli 
quarti)  of  the  tela  choroidea,  jnst  where  the  plexus  choroideus  lateralis 
comes  out,  aperturse  laterales  ventricnli  qnarti.  According  to  Mcrlcel  and 
Mierzejewsky,  communications  between  the  lateral  ventricles  of  the  great 
brain  and  the  surface  are  also  to  be  found  in  tho  form  of  elongated  clefts 
above  the  gyri  hippocampi.  It  is  probable,  however,  that  all  such  openings 
into  the  lateral  ventricle  are  artificially  produced. 

To  form  an  idea  of  the  development  of  the  cerebellum  we  must  picture 
it  as  a thickening  of  the  proximal  anterior  part  of  the  hind-brain,  taking  in 
the  first  instance  the  shape  of  two  lateral  swellings,  which  grow  together  at 
a later  period.  The  hinder  segment,  on  the  other  hand,  the  true  roof  of  the 
fourth  ventricle,  membrana  obturatoria  ventricnli  quarti,  becomes  thin  in 
the  middle  portion.  This  thinner  part,  which  afterwards  becomes  the  tela 
choroidea  posterior,  is  pushed  inwards  towards  the  brain  cavity  by  the 
growth  of  the  pia  mater,  and  doubled  again  and  again  to  form  the 
epithelium  of  the  plexus  choroidei  posteriores.  The  peripheral  parts  of  the 
membrana  obturatoria,  though  much  reduced  in  thickness,  retain  the  form 
of  platelets  of  white  matter.  The  velum  medullare  is  the  only  one  of  them 
that  attains  any  considerable  size.  The  obex  and  the  ligula  also  originate 
in  this  manner. 

In  no  mammal  are  the  hemispheres  of  the  cerebellum  as  highly 
developed  as  in  Man,  and  consequently  as  we  descend  in  the  scale  we  find 
the  vermis  more  and  more  preponderant.  The  lobation  also  presents  great 
variations  of  detail.  As  the  hemispheres  decrease  the  pons  dwindles.  In 
most  mammalia  it  stops  short  of  the  point  of  exit  of  the  nervus  abducens 
(sec  fig.  10),  leaving  a larger  part  of  the  brain  ward  surface  of  the  pyramids 
uncovered,  and  exposing  a broad  band  of  transverse  fibres,  the  corpus 
trapezoidcs,  which  lies  by  their  side. 

In  birds  the  hemispheres  of  the  cerebellum  are  reduced  to  an  incon- 
siderable appendage  ; in  amphibia,  fishes,  and  reptiles  they  are  altogether 
lacking.  In  amphibia  the  vermis,  too,  is  no  more  than  a narrow  transverse 
band,  while  in  many  fishes  (several  cartilaginous  varieties,  for  example)  the 
hind-brain  not  only  shows  very  considerable  development,  but  is  marked 
by  a number  of  furrows.  In  birds  we  find  a tapering  dorsal  process  of  the 
fourth  ventricle  (ventriculus  cerebelli)  penetrating  the  substance  of  the 
cerebellum  to  a considerable  depth. 

The  foramen  Magendii  occurs  in  many  animals  (e.g.,  the  dog,  cat,  ox), 
in  others  (e.g.,  the  horse)  it  is  lacking.  The  aperturce  laterales,  on  the 
other  hand,  are  said  to  be  more  highly  developed  in  the  animal  last 
named  than  in  the  others, 
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3.  THE  MID-BRAIN. 

Proceeding  forwards  we  reacli  the  mid-brain,  or  region  in  which  the 
corpora  quadrigemina  are  included.  In  connection  with  this  region  it 
will  be  necessary  to  describe  structures  which,  although  they  belong 
properly  sparking  to  the  ’tween-brain,  press  themselves  backwards  into 
the  mid-brain  region. 

The  mid-brain  is  not  more  than  a centimeter  in  length,  and  is  divided 
by  a furrow,  the  sulcus  lateralis  mesencephali,  Sim  (figs.  11  and  17),  into 
two  easily  distinguishable  parts ; the  ventral  (basal)  and  dorsal  portions  of 
the  mid-brain. 

The  sulcus  lateralis  is  seen  whether  the  brain-stem  is  looked  at  from 
above  or  from  the  side.  It  commences  at  the  front  of  the  pons  and 
bounds  the  structure  already  described  under  the  name  of  fillet. 

The  great  cerebral  peduncle  (pcs  pedunculi  cerebri),  Pp  (figs. 
10,  11,  and  12),  lies  on  the  ventral  side  of  this  furrow,  and  projects, 
laterally,  somewhat  beyond  it.  As  it  comes  out  from  the  pons  it  has  a 
breadth  of  12  to  20  mm.,  which  is  increased  during  its  short  superficial 
course.  Passing  beneath  the  optic  tract,  Til , it  disappears  from  view 
in  the  interior  of  the  great  brain.  It  consists  of  bundles  of  fibres  visible 
as  separate  bundles  from  the  surface,  not  following  its  main  direction, 
but  giving  it  the  appearance  of  a twisted  cord.  Those  which  are  most 
mesially  placed  as  it  leaves  the  pons  pass  so  abruptly  to  the  outer 
side  that  they  have  an  almost  transverse  course.  These  are  the  fibres, 
LmP , from  the  fillet  to  the  peduncle,  faisceau  en  escarpe,  so  called  for 
reasons  which  will  be  presently  explained.  Each  peduncle  runs  not 
straight  forwards,  but  diverging  from  its  fellow  at  an  angle  of  70°  to 
80° ; a triangular  space  is  thus  left  between  the  two,  trigonum  inter- 
crurale,  Trie  (fossa  interpeduncularis,  seu  Tarini  [interpeduncular 
space]). 

A deep  furrow,  from  which  the  fibres  of  the  oculomotor  nerve  emerge 
(sulcus  oculomotorius),  SlIII,  marks  the  boundary  between  the  pes 
pedunculi  and  the  trigonum  intercrurale.  In  the  mid-line  of  the 
fossa  is  another  well-marked  furrow,  sulcus  substantiae  perforate  pos- 
terioris,  Slpp.  The  medial  portion  of  the  fossa,  broad  in  front  and 
pointed  behind,  constitutes  the  floor  of  the  third  ventricle.  It  is 
pierced  by  numerous  blood-vessels,  and  hence  is  termed  the  substantia 
perforata  posterior,  Sbpp,  The  perforated  space  is  bounded  on  either  side 
by  elongated  swellings  which  really  belong  to  the  dorsal  portion  (the 
tegment)  of  the  peduncle.  They  can  only  be  seen  when  the  peduncles 
are  pushed  aside,  and  hence  are  not  visible  in  fig.  10. 

The  part  of  the  mid-brain  lying  dorsally  to  the  lateral  sulcus  presents 
two  rounded  swellings,  the  corpora  quadrigemina  (or  in  submammalian 
classes,  bigemina),  Qa  and  Qp.  A median  fissure,  sulcus  corporum 
quadrigeminorum  longitudinalis  seu  sagittalis,  Sql,  rising  abruptly  from 
the  velum  medullare,  and  opening  out  in  front  into  a little  shallow 


70 


TOPOGRAPHY  OP  THE  MiD-RRAIN. 


triangular  fossa,  lodges  the  pineal  gland,  Glp,  and  separates  the  tuber- 
cles of  the  corpora  quadrigemina  of  one  side  from  those  of  the  other. 
The  triangular  fossa,  just  mentioned  (trigonum  subpineale),  often  presents 
a slight  elevation  in  the  centre  (colliculus  subpinealis  of  Schwalbe).  At  the 
back,  where  it  sinks  on  to  the  velum  medullare,  the  fissure  is  bounded 
on  either  side  by  a little  ridge  of  white  substance  (sometimes  the  two 
ridges  are  fused  together),  frenulum  veli  medullaris  antici,  Fro. 

A transverse  sulcus,  sulcus  corp.  quad,  transversus  (seu  frontalis),  Sqt, 
crosses  the  median  fissure  at  right  angles,  dividing  the  anterior  pair  of 
tubercles  from  the  posterior.  It  is  shallowest  near  the  middle  line. 

The  anterior  tubercles,  Qa,  measure  in  the  sagittal  direction  8 mm., 
in  the  frontal  direction  12  mm.  The  posterior  tubercles,  Qp,  measure 
6 mm.  by  8 mm.  The  latter  are  distinguished  by  the  abruptness  of 
their  posterior  surfaces. 

From  each  of  the  corpora  quadrigemina  a well-marked  white  bundle 
passes  ventrally,  laterally,  and  brainwards.  These  are  the  peduncles 
of  the  corpora  quadrigemina  (brachia  conjunctiva).  On  each  side  the 
two  brachia  are  separated  by  a continuation  of  the  transverse  furrow, 
which  might  well  be  called  in  this  part  of  its  course  the  sulcus  inter- 
brachialis. 

The  posterior  brachium  is  soon  divided  into  two  by  a shallow  furrow. 
The  posterior  of  these  two  divisions  disappears  in  the  sulcus  lateralis 
mesencephali,  near  the  fibres  of  the  pes  pedunculi.  The  anterior  joins 
a spindle-shaped  elevation  of  about  1 cm.  in  length,  the  internal  geni- 
culate body,  Gtjm  (ganglion  seu  corpus  geniculatum  mcdiale  seu  internum), 
which  is  squeezed  into  the  sulcus  interbrachialis.  It  must  be  looked  upon 
as  a part  of  the  ’tween-brain. 

The  anterior  brachium,  Brqa,  a rather  short  bundle,  almost  lateral  in 
direction,  continues  its  course,  covered  by  the  overhanging  optic  thalamus, 
almost  to  the  optic  tract.  It  is  broadest  where  it  comes  out  from  the 
anterior  tubercle,  but  loses  a considerable  portion  of  its  substance  beneath 
the  lateral  geniculate  body. 

A thin  nerve  tract,  which  is  very  visible  in  many  animals  but  rarely 
distinctly  seen  in  Man,  proceeds  from  in  front  of  the  anterior  tubercles 
downwards,  outwards,  and  backwards  across  the  brachia,  and  then  on 
across  the  pedunculus  cerebri,  tractus  peduncularis  transversus,  fig.  11, 
Tpt.  Its  termination  is  never  distinctly  seen. 

When  the  mid-brain  is  cut  across  at  right  angles  to  its  long  axis 
through  the  anterior  corpora  quadrigemina  (fig.  17),  the  proximal  con- 
tinuation of  the  fourth  ventricle,  which  leads  to  the  ventricles  of  the 
cerebrum,  aquseductus  Sylvii,  is  to  be  seen  in  the  middle  line.  In  the 
substance  of  this  part  of  the  brain-stem  several  strata  are  distinguish- 
able : — 

1.  The  region  of  the  corpora  quadrigemina  is  limited  by  a line  drawn 
transversely  through  the  aqueduct,  Q. 

2.  A region  of  mixed  grey  and  white  substance,  the  tegment,  Tg. 

3.  A stratum  which  is  at  once  distinguished  by  its  colour,  due  to 
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the  intensely  black  pigmentation  of  the  cells  of  which  it  is  composed, 
stratum  nigrum,  Ss  (substantia  nigra  Soemmcringi,  stratum  intermedium). 

4.  Lastly,  the  lowest  portion  of  the  picture  is  occupied  by  the  white 
semilunar  section  of  the  pes  pedunculi  or  crusta,  Pp. 

The  attachment  of  the  oculomotor  nerve,  fig.  10,  III,  has  been 
already  mentioned.  Most  of  it  comes  out  of  the  sulcus  oculomotorius , 
detached  bundles,  however,  pierce  the  mesial  surface  of  the  crusta. 
Not  infrequently  a detached  portion  of  the  nerve,  isolated  from  the 
main  bundle  by  a blood-vessel,  takes  exit  from  the  peduncle  consider- 
ably further  outwards,  III'. 

The  trochlear  nerve,  figs.  11  and  12,  IV,  arises  as  a thin  thread, 
or  in  some  cases  as  two  separate  roots,  from  the  lateral  iuigle  of  the 
velum  medullare.  It  lies  usually  in  the  furrow  between  the  posterior 
tubercles  of  the  corpora  quadrigemina  and  the  superior  cerebellar 
peduncles. 

In  the  early  stages  of  development  the  mid-brain  forms  a compara- 
tively large  part  of  the  whole,  but  its  growth  does  not  keep  pace  with 
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Fig.  17.  —Transverse  section  through  the  anterior  corpora  quailrigemina  (semi-diagram- 
matic).— AS,  Aqureductus  Sylvii ; Brgp,  bracliium  posterius  corpornm  quadv.  ; 
Pp,  pes  pedunculi ; Q,  region  of  the  corpora  quadrigemina  ; Qa,  anterior  corpora 
quadrigemina  ; Sim,  sulcus  lateralis  mesencephali ; SS,  substantia  nigra  Soern- 
meringi ; Tg,  tegmentum. 

that  of  the  rest  of  the  brain,  and  in  most  mammalia  the  hemispheres  of 
the  cerebrum  exceed  it  in  size.  The  corpora  quadrigemina  first  appear 
as  a single  rounded  eminence.  The  longitudinal  and  transverse  furrows 
are  not  developed  until  the  fifth  or  sixth  month  of  foetal  life. 

In  most  mammals  the  corpora  quadrigemina  are  larger  in  proportion 
than  in  Man,  the  posterior  corpora  being  the  larger  in  beasts  of  prey,  and 
the  anterior  in  other  mammals.  In  the  omithorhynchus  only  two  corpora 
quadrigemina  are  said  to  be  discoverable,  and  the  same  holds  good  of  the 
lower  vertebrates.  In  studying  the  exterior  conformation  of  the  brain 
in  other  vertebrate  classes,  .excluding  a few  exceptions,  we  find  a single 
spherical  swelling  on  either  hand,  which  is  sometimes  of  very  considerable 
size.  In  birds  this  swelling  is  thrust  so  far  to  the  side  that  it  extends  to 
the  base  of  the  brain.  The  tractus  opticus  rises  in  these  swellings ; hence 
this  part  of  the  mid-brain  is  commonly  called  the  lobus  opticus. 

But  the  posterior  corpora  quadrigemina  are  not  entirely  absent  in 
lower  vertebrates.  In  all  we  find  a well-defined  grey  nerve-nucleus  lying 
in  the  posterior  or  caudal  part  of  the  mid-brain.  This  it  is  which  in 
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most  mammalia  becomes  independent,  and  forms  the  posterior  corpora 
quadrigemina. 


4.  THE  ’TWEEN-BRAIN. 

In  the  fully-developed  brain  it  is  very  difficult  to  fix  the  boundaries 
between  this  portion  and  the  parts  in  front  of  and  behind  it,  namely,  the 
secondary  fore-brain  and  the  mid-brain. 

The  most  important  structures  which  it  includes  are  the  optic  thalami, 
Tho,  with  the  two  corpora  geniculata,  Cgl  and  Cgm,  the  optic  tracts,  Til, 
and  the  corpora  mammillaria,  Cm  (figs.  10,  11,  and  12). 

One  part  of  the  optic  thalamus,  the  pidvinar,  Pu,  has  already  been 
shown  to  press  backwards  against  the  corpora  quadrigemina.  If  all  the 
rest  of  the  great  brain  which  lies  superficial  to  the  thalami  is  cut  away 
so  that  these  are  left  uncovered,  a view  into  the  ventricles  of  the  great 
brain  is  obtained.  We  will  content  ourselves,  in  the  first  place,  with  a 
description  of  the  external  appearances  of  the  parts  included  in  the 
’tween-brain,  reserving  the  study  of  their  intimate  structure  until  sections 
through  the  whole  of  the  great  brain  are  under  discussion. 

The  optic  thalamus  (couche  optique),  fig.  12,  is  a large  oval  body 
which  lies  upon  the  pedunculus  cerebri,  with  its  long  axis  inclined  for- 
wards and  inwards.  Its  lateral  portion,  which  is  continued  into  the 
optic  tract,  arches  outwards  over  the  peduncle  towards  the  base  of  the 
brain.  The  upper  surface  of  the  thalamus,  Thus,  appears  white  owing 
to  a thin  covering  of  fibres  (stratum  zonale),  while  its  mesial  surface  is 
grey.  The  two  are  separated  by  an  angular  border. 

The  fairly  flat  mesial  surfaces  (fig.  15)  of  the  two  thalami  are  very  near 
together,  and  at  one  part  are  actually  fused  in  the  middle  line  forming  the 
[soft,  grey,  or]  middle  commissure,  Com  (commissura  mollis,  sew  media,  sew 
grisea,  sew  trabecula  cinerea).  It  is  a short  band,  usually  flattened  from 
above  downwards,  and  easily  broken.  This  commissure  is  not  seldom  com- 
pletely wanting  ( Ferraz  de  Macedo  estimates  the  proportion  of  cases  in 
which  this  occurs  at  20  per  cent.).  In  some  cases,  on  the  other  hand,  it  is 
double.  In  hydrocephalous  distension  of  the  ventricle,  it  may  be  drawn 
out  to  a considerable  length  (17  mm. — Anton). 

The  cavity  of  the  ’tween-brain  is  named  the  middle  or  third  ventricle, 
V3.  The  aqueduct  of  Sylvius  opens  out  on  reaching  its  oblique  posterior 
wall  into  the  aditus  ad  aquteductum  Sylvii,  fig.  15,  A AS.  Irom  this  a 
fissure  runs  along  the  middle  of  the  posterior  wall  and  floor  of  the  ven- 
tricle. In  the  floor  it  opens  out  into  a funnel-shaped  depression,  recessus 
infundibuli,  Rif.  This  recess  produces  a grey  conical  swelling  on  the 
surface  of  the  basis  cerebri  projecting  behind  the  optic  chiasm,  tuber 
cinereum  (fig.  10),  The.  To  the  point  of  the  infundibulum,  If,  hangs  an 
ellipsoidal  body,  the  hypophysis  cerebri  [pituitary  body],  Hy. 

The  white  upper  surface  of  the  thalamus  is  bounded  laterally  by  a 
furrow  (fig.  19),  which  contains  a large  vein,  as  well  as  a thickened  ridge  of 
ependyma.  At  the  bottom  of  the  furrow  there  lies  also  a bundle  of  fibres. 
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Thickened  ependyma  and  fibres  together  make  the  stria  cornea,  Stc  (stria 
terminalis),  figs.  15  and  18.  The  furrow  begins  at  the  front  of  the  thalamus, 
runs  outwards  and  backwards,  and  can  be  followed  into  the  inferior  horn 
of  the  lateral  ventricle. 

In  addition  to  the  general  rounding  of  its  upper  surface  the  optic 
thalamus  presents  certain  minor  elevations  (fig.  12).  A distinct  rounded 
elevation,  about  as  large  as  a bean,  constitutes  its  anterior  end,  tuberculum 
anterius,  Tha.  A shallow  furrow,  sulcus  choroideus,  Slcli,  starts  at  the 
back  of  this  tubercle,  and  divides  the  rest  of  the  surface  into  a mesial  and 
a lateral  portion.  The  back  of  the  thalamus  is  elevated  into  the  consider- 
able rounded  pulvinar,  Pu.  Beyond  this  the  thalamus  bends  downwards 
and  outwards,  and  narrows  into  a swelling,  somewhat  smaller  than  a 
bean,  corpus  geniculatum  laterale  (seu  externum),  in  which  the  optic  tract 
terminates.  The  optic  tract  encircles  the  peduncle,  and  meets  on  the  basis 
cerebri  with  the  tract  of  the  opposite  side  in  the  chiasma  nervorum  opti- 
corum,  Ch.  The  lateral  corpus  geniculatum  does  not  lie  immediately  on  the 
peduncle,  for  the  mesial  portion  of  the  optic  tract,  which  is  directed  towards 
the  mesial  geniculate  body,  insinuates  itself  between  the  two.  A white 
tract,  which  unites  the  two  geniculate  bodies  together,  and  is  best  seen  in 
the  new-born  child,  is  named  by  Rauler  ansa  intergenicularis. 

The  boundary  between  the  upper  and  mesial  surfaces  of  the  thalamus 
is  rendered  more  evident  by  a ledge  of  white  matter  (stria  mcdullaris 
thalami,  habenula)  which  is  generally  continued  into  a plate  of  gelatinous 
substance  projecting  towards  the  middle  line,  taenia  thalami  (t.  ventriculi 
tertii)  figs.  12  and  15,  Tv3.  This  overhanging  ledge  swells  just  in  front  of 
the  trigonum  subpineale  into  a club-shaped  body,  the  ganglion  habenulae, 
Oh.  Between  this  and  the  back  of  the  thalamus  lies  a small  triangular 
region,  the  trigonum  habenulae,  Trh.  Provided  the  membranes  of  the  brain 
have  not  been  dragged  off  roughly,  a little  conical  body,  the  glandula 
pinealis  (conarium),  Glp,  is  seen  lying  in  the  horizontal  fissure  between  the 
corpora  quadrigemina.  It  is  8 to  12  mm.  long.  Short  peduncles  pass  from 
the  anterior  end  of  the  pineal  gland,  which  forms  part  of  the  posterior  wall 
of  the  third  ventricle,  to  the  ganglion  habenulae  on  either  side,  pedunculi 
conarii,  commissura  habenularum,  Pclc.  The  posterior  part  of  the  third 
ventricle  presents  a little  pit  beneath  the  pineal  body,  recessus  infra- 
pinealis  (ventriculus  conarii),  Rip  (fig.  15). 

Below  this  a well-formed  tract  of  white  matter,  visible  when  the  pineal 
gland  has  been  removed,  crosses  above  the  anterior  opening  of  the  aqueduct 
of  Sylvius,  the  posterior  commissure,  fig.  15,  Cop.  It  bounds  the  trigonum 
subpinealis  in  front. 

We  are  already  acquainted  with  most  of  the  structures  which  are  found 
on  the  ventral  surface  of  the  ’tween-brain.  They  all  belong  to  the  regio 
subthalamica  (hypothalamus).  First,  though  properly  belonging  to  the 
fore-brain,  comes  the  optic  chiasm,  Ch  (fig.  10),  with  the  tuber  cinercum, 
The , with  infundibulum  and  hypophysis  in  the  angle  made  by  the  posterior 
edges  of  the  optic  tracts.  Behind  this  again  lie  two  white  rounded 
eminences  about  the  size  of  peas,  corpora  mammillaria  (seu  candicantia), 
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Cm.  They  form  the  proper  anterior  border  of  the  trigonum  inter- 
peduncularc. 

Certain  morphological  relations  of  the  interior  of  the  thalamus  opticus 
will,  as  already  remarked,  be  better  understood  when  we  come  to  treat  of 
preparations  of  the  fore-brain. 

To  form  an  idea  of  the  way  in  which  the  ’tween-brain  develops  from 
the  primary  fore-brain  we  must  picture  it,  in  the  first  instance,  as  a thick- 
ening of  the  primary  anterior  vesicle  in  its  lateral  parts ; this  is  the 
rudiment  of  the  thalamus  opticus  and  the  regio  subthalamica. 

The  roof  of  the  ’tween-brain  consists  almost  throughout  of  a single  layer 
of  cells.  Like  that  of  the  fourth  ventricle,  it  is  pushed  into  the  brain- 
cavity  by  the  pressure  of  the  vascular  pia  mater,  and  forms  the  tela  and 
plexus  choroideus  medius  (see  p.  87)  which  sends  branches,  the  plexus 
choroidei  laterales,  into  the  lateral  ventricles  of  the  secondary  fore-brain. 
The  hinder  part  of  the  roof  bulges  upwards  and  forwards,  forming  a pouch, 
the  epiphysial  pouch,  of  which  the  glandula  pinealis  is  the  sole  remnant  in 
most  vertebrates.  In  many  animals,  however  (certain  saurians  and  selach- 
ians), it  develops  into  an  organ  closely  resembling  the  eye  in  structure 
(the  parietal  eye)  which  lies  underneath  the  membrane  of  the  skull  and  is 
connected  by  means  of  a tract  of  nerve-fibres  with  the  epiphysis. 

The  corpora  mammillaria  are  externally  distinct  only  in  Man  and  the 
higher  apes.  In  all  other  mammals  they  take  the  form  of  a single  body, 
white  and  globular.  The  ganglia  habenula),  insignificant  in  Man,  attain  a 
very  large  size  in  many  mammals. 

In  no  animal  is  the  pulvinar  thalami  as  highly  developed  as  in  Man, 
while,  on  the  other  hand,  the  middle  commissure  is  much  more  strongly 
marked  throughout  the  whole  series  of  mammalia. 


5.  THE  GREAT  BRAIN. 

The  total  (secondary)  fore-brain  is  split  by  the  great  longitudinal 
fissure  (see  fig.  6)  into  two  equal  halves,  the  hemispheres. 

The  surface  of  the  hemispheres  is  almost  everywhere  covered  with  grey 
matter,  the  cortex.  It  is  depressed  into  fissures  and  raised  into  convolu- 
tions, but  certain  grey  masses  found  in  the  interior  of  the  great  brain  will 
be  referred  to  first. 

If  the  method  recommended  for  exhibiting  the  optic  thalamus  has  been 
followed,  a rounded  swelling  freely  projecting  into  the  ventricle,  the 
caudate  nucleus  (corpus  striatum,  in tra- ventricular  portion  of  the  corpus 
striatum),  Nc  (fig.  18),  is  seen  to  its  outer  side  and  separated  from  it  by 
the  stria  cornea.  It  is  largest  in  front  of  the  thalamus,  and  thins  away 
behind  into  a narrow  riband.  This  riband,  or  tail  of  the  nucleus,  lies 
parallel  to  the  stria  cornea.  It  curves  backwards,  downwards,  and,  finally, 
forwards,  and  can  be  followed  as  far  as  the  tip  of  the  temporo-sphenoidal 
lobe  (fig.  17).  It  thus  comes  about  that  the  nucleus  caudatus  describes  an 
arch,  the  anterior  limb  of  which  is  formed  by  the  massive  head,  the  pos- 
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tenor  limb  by  the  tail.  The  latter  part  of  the  caudate  nucleus  lies  in  that 
portion  of  the  ventricle  called  the  descending  horn.  If  a horizontal  section 
is  made  through  the  hemisphere  parallel  to  the  surface  of  the  optic 
thalamus  and  nucleus  caudatus,  and  only  cutting  off  their  domes,  a rounded 
body,  about  half  a centimeter  in  transverse  diameter  and  projecting  (as  a 
rule)  backwards  into  a point,  is  seen  in  the  anterior  part  of  the  thalamus. 
It  is  the  anterior  nucleus  (upper  nucleus,  centre  anturicur),  Na.  The 
fairly  distinct  capsule  which  invests  the  anterior  nucleus  is  prolonged  back- 
wards as  a plate  of  white  substance,  lamina  medullaris  medialis  thalami 
optici,  Lmm.  This  lamina,  therefore,  divides  the  thalamus  into  two  pieces 
of  almost  equal  breadth.  The  lateral  nucleus,  Nl,  projects  beyond  the 


Fig.  17«. — Diagram  to  show  the  cortical  relations  of  the  nucleus  caudatus,  nc  {after 

Wemidc).  The  head  of  the  caudate  nucleus  is  in  continuity  with  the  cortex  of  the 

frontal  lobe,  the  extremity  of  the  tail  with  that  of  the  temporal  lobe. 

mesial  nucleus  (nucleus  interims),  Nm,  both  in  front  and  behind.  The 
lateral  boundary  of  the  thalamus  is  marked  by  a white  lamella,  lamina 
medullaris  lateralis  thalami,  Lml. 

If  a second  horizontal  section  is  made  through  the  hemisphere  about 
| cm.  below  the  surface  of  the  head  of  the  nucleus  caudatus  (fig.  19),  an 
idea  is  obtained  of  the  depth  to  which  tins  grey  mass  reaches.  The  nucleus 
anterior  of  the  thalamus  is  no  longer  visible,  but  the  lamina  medullaris 
medialis,  Lmm , and  the  nucleus  lateralis,  Nl,  are  clearly  distinguished. 
The  lateral  boundary  of  the  thalamus  is  formed  by  the  feebly-developed 
lamina  lateralis,  Lml. 

Another  grey  mass  appears  in  this  section  which  nowhere  reaches 
to  the  surface,  but  is  embedded  in  white  matter,  the  lenticular  nucleus 
(nucleus  lenticularis,  extra-ventricular  portion  of  the  corpus  striatum), 
Nlf.  It  lies  like  a blunt  wedge  with  its  angular  border  thrust  in  between 
the  nucleus  caudatus  and  optic  thalamus,  separated  from  each  of  these  by 
the  white  substance  of  the  internal  capsule,  Ci.  Two  thin  white  laminae 
traverse  the  nucleus  lenticularis,  dividing  its  substance  into  three  segments, 
which  may  be  named,  proceeding  from  the  inner  angle  outwards,  the  first, 
second,  and  third  pieces  of  the  nucleus  lenticularis,  Nlfv  Nlf.„  Nlfr  The 
mesial  and  second  segments  (which  together  constitute  the  globus  pallidus) 
of  the  lenticular  nucleus  are  pale,  like  the  thalamus,  while  the  outer 
segment  or  putamen  is  as  dark  as  the  nucleus  caudatus.  The  mesial  or 
first  piece  is  subdivided  in  most  brains  into  two  more  or  less  distinct 
parts. 
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The  lateral  surface  of  the  nucleus  lenticularis  corresponds  in  situation 
to  the  portion  of  the  cortex  of  the  great  brain  called  the  island  of  Reil,  I. 
T.he  nucleus  and  the  cortex  are  separated  by  one  grey  and  two  white 
layers.  iNext  to  the  nucleus  lenticularis  conies  a thin  layer  of  white 
matter,  the  outer  capsule  (capsula  externa),  Ce,  to  the  outer  side  of  which 
is  applied  the  grey  sheet  of  the  claustrum  (nucleus  tteniseformis),  Cl. 
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Fig.  18. — Section  through  the  ’tween-brain  and  the  neighbouring  part  of  the  fore-brain 
half  a centimeter  beneath  the  upper  surface  of  the  optic  thalamus  and  nucleus 
caudatus  ( nat . size).  Only  the  thalamus,  the  nucleus  caudatus,  and  the  parts 
immediately  surrounding  them  are  represented. — Com,  Commissura  mollis ; Fcl, 
columna  fornicis ; For,  eras  fornicis  ; Gcc,  genu  corporis  callosi ; gh,  ganglion 
habenula? ; Glp,  glandula  pincalis  ; Lml,  lamina  medullaris  lateralis  ; Lmin,  lamina 
medullaris  medialis  ; Na,  nucleus  auterior;  Nc,  nucleus  caudatus;  Nl,  nucleus 
lateralis  ; Nm,  nucleus  medialis ; Fdc,  pedunculus  pinealis  ; Qa,  anterior  corpus 
quadrigeminum  ; Qp,  posterior  corpus  quadrigeminum  ; Spec,  splenium  corporis 
callosi ; Spl,  septum  pellucidum  ; Stc,  stria  cornea  ; Via,  anterior  horn  of  lateral 
ventricle ; Vli,  descending  horn  of  lateral  ventricle  ; Vlp,  posterior  horn  of  lateral 
ventricle  ; Vspl,  ventriculus  septi  pollucidi ; V3,  third  ventricle. 

Between  the  claustrum  and  the  cortex  of  the  island  of  Reil  lies  the  sheet  of 
white  matter  termed  lamina  fossae  Sylvii  (capsula  extrema).  The  mesial 
surface  of  the  claustrum  corresponds  to  the  outer  surface  of  the  nucleus 
lenticularis,  its  lateral  surface  adapts  itself  to  a certain  extent  to  the 
cortex  of  the  island  of  Reil,  exhibiting  similar  small  elevations  and 
depressions. 
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Fig.  19. — Horizontal  section,  one  centimeter  deeper  than  in  fig.  18  ( nat . size).  The 
operculum,  which  hail  been  detached  from  its  connections  by  the  section,  is 
removed. — Brqa,  Brachium  anterius ; Brqp,  brachium  posterius  ; Ce,  capsula 
externa  ; Cia,  capsula  interna,  anterior  limb  ; Oip,  capsula  interna,  posterior  limb  ; 
Cl,  claustrum ; Coa,  commissure  anterior ; F,  iimbria ; F,  frontal  lobe ; Fcl, 
columns  fornicis ; Fd,  fascia  dentata ; Fov,  fasciculus  occipitalis  verticalis  of 
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Wernicke ; frv,  frenulum  veli  anterioris  ; O,  genu  cnpsulre  interne ; Occ,  genu 
corporis  callosi ; H,  gyrus  hippocampi ; 7,  island  of  Reil ; Lml,  lamina  medullaris 
thalami  lateralis  ; Lmm,  lamina  medullaris  thalami  medial  is  ; M,  great  longitudinal 
fissure;  Nc,  nucleus  caudatus  (head);  Nc'^ nucleus  caudatus  (tail);  Nl,  nucleus 
lateralis  thalami ; Nlf,  nucleus  lenticularis  ; Nlf  1 and  3,  globus  pallidus ; Nlf  3, 
putamen  ; Nm,  nucleus  medialis  thalami  ; Nt(j,  nucleus  tegmenti  ruber  ; 0,  occipital 
lobe  ; P,  parietal  lobe  ; Pu,  pulvinar ; Qa,  anterior  corpus  quadiigeminuin  ; Qp,  pos- 
terior corpus  quadrigeminum ; Spl,  septum  pellucidum  ; Ss,  sagittal  fibres  of  occipital 
lobe  ; Tp,  tapetum  ; Tt,  gyrus  temporalis  transversus  ; VA,  Vicq  d’Azyr’s  bundle  ; 
Via,  anterior  horn  of  lateral  ventricle  ; Vli,  inferior  horn  of  lateral  ventricle  ; Vspl, 
ventriculus  septi  pellucidi ; V3,  ventriculus  tertius. 

The  anterior  angle  of  the  nucleus  lenticularis  is  situate  somewhat 
farther  back  than  the  front  of  the  nucleus  caudatus.  The  posterior  angle 
lies  a little  behind  the  thalamus.  In  sections  taken  on  other  planes  its 
sagittal  diameter  is  less. 

To  get  a complete  picture  of  the  nucleus  lenticularis,  a frontal  (trans- 
verse vertical)  section  must  be  made  through  the  hemisphere  at  the 
level  of  the  front  of  the  thalamus  (fig.  20).  It  now  appears  as  a wedge, 
with  its  convex  base  resting  on  the  cortex  of  the  island  of  Reil;  its 
angle — more  acute  than  in  a horizontal  section — is  directed  beneath 
the  thalamus.  Between  the  nucleus  and  the  cortex  is  again  seen  the 
claustrum  shut  in  between  the  external  capsule  and  the  lamina  fossa; 
Sylvii. 

The  region  which  lies  below  the  thalamus  (regio  subthalamica),  seen 
in  this  section,  and  sections  carried  more  posteriorly,  contains  both  grey 
and  white  matter;  and  can  only  be  treated  of  when  we  are  dealing 
with  the  minute  structure  of  the  brain.  If  a section  is  carried  a 
little  farther  forward  than  in  fig.  20,  so  that  it  traverses  the  optic 
chiasm,  the  lateral  segment  of  the  nucleus  lenticularis  is  seen,  better  than 
in  this  section,  to  be  in  direct  relation  to  another  grey  mass,  the  nucleus 
amygdaleus  (nucleus  amygdaliformis),  Am.  This  nucleus  is  understood 
to  be  a thickened  portion  of  the  cortex  of  the  temporo-sphenoidal  lobe. 
[The  claustrum  also  is  fused  at  its  anterior  end  with  the  nucleus 
amygdaleus.] 

The  tractus  opticus,  II,  in  its  course  around  the  cerebral  peduncle 
pushes  itself  in  between  the  nucleus  lenticularis  and  nucleus  amygdaleus. 

The  white  matter  of  the  hemisphere  reaches  its  greatest  develop- 
ment above  the  central  ganglia  (or  basal  ganglia,  a term  comprehending 
nuclei  caudatus  et  lenticularis  and  the  optic  thalamus).  In  a horizontal 
section  parallel  to,  but  above,  the  upper  surface  of  the  corpus  callosum,  the 
whole  central  mass  of  the  hemisphere  appears  white  (centrum  semiovale 
Vieussenii).  Such  a section  is  not  figured,  but  a frontal  section  of  the 
centrum  is  seen  in  fig.  20,  CsV.  In  deeper  sections,  which  pass  through 
the  included  grey  masses  (fig.  19),  the  white  matter  is  seen  to  be  broken 
up  into  limited  tracts,  which  invest  the  lenticular  nucleus,  as  the  internal 
and  external  capsules.  The  former  is  seen  in  a horizontal  section  to 
consist  of  two  segments  meeting  one  another  at  an  oblique  angle,  the  knee 
(genu)  of  ,the  internal  capsule,  G.  The  two  segments  are  distinguished  as 


CENTRUM  SEMIOVALE.  < J 

the  anterior  limb,  Cia,  compressed  between  the  nucleus  lenticularis  and 
the  nucleus  caudatus,  and  the  posterior  limb,  Cip,  between  the  nucleus 
lenticularis  and  the  optic  thalamus. 

Certain  special  masses  of  white  matter — the  corpus  callosum,  foiuix, 
and  anterior  commissure — must  now  be  described. 


Fig.  20. — Frontal  section  through  the  human  cerebral  hemisphere.  Left  side,  posterior 
portion  ( natural  size). — II,  Tractus  opticus  ; al,  situation  of  ansa  lenticularis ; 
Am,  amygdala  ; C,  central  fissure  ; Ca,  gyrus  centralis  anterior  ; cAm,  anterior  end 
of  cornu  Ammonis  ; Cell,  corpus  callosum  ; Cc,  capsula  externa ; Ci,  capsula 
interna  ; el,  claustram  ; cllm,  sulcus  calloso-marginalis  ; Cng,  gyrus  fornicatus  ; 
Coa,  commissura  anterior  ; Cp,  gyrus  centralis  posterior  ; csth,  corpus  subthalami- 
cum;  CsV,  centrum  semiovale  Vieussenii ; F,  frontal  lobe;  Fel,  anterior  pillar  of 
fornix  ; Fs,  gyrus  frontalis  superior  ; I,  island  of  Reil ; Lmm,  Lml,  lamina  mcdul- 
laris  medialis  et  lateralis  ; M,  great  horizontal  fissure  ; Na,  A Tm,  JSTl,  nucleus 
anterior,  medialis  et  lateralis  thalami  optici ; A Te,  nucleus  caudatus  (tail) ; N!f3,  2, 1, 
the  three  portions  of  the  nucleus  lenticularis  ; OpP,  opercular  portion  of  inferior 
parietal  lobule;  oti,  sulcus  occipito-temporalis  inf. ; Oil,  gyrus  occipito-temporalis 
lateralis  ; Pp,  pes  pedunculi ; pres,  sulcus  proecentralis,  pars  superior  ; pstc,  sulcus 
postcentralis  ; S,  fissura  Sylvii ; Str,  stratum  reticulare  ; T,  temporal  lobe ; Tt, 
gyrus  temporalis  transversus  ; Ts,  Tin,  Ti,  gyrus  temporalis  superior,  medius  et 
inferior;  ts,  tm,  li,  sulcus  temporalis  superior,  medius  et  inferior;  U,  uncus  gyri 
hippocampi  ; VA,  bundle  of  Vicq  d’Azyr  ; Vli,  anterior  end  of  the  inferior  horn  of 
the  lateral  ventricle  ; V3,  ventriculus  tertins. 
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TOPOGRAPHY  OF  THE  CORPUS  CALLOSUM. 


(a.)  The  Corpus  Callosum. — If  the  two  hemispheres  are  pressed 
apart,  a white  structure  of  from  7 to  9 cm.  in  sagittal  diameter  is  seen 
crossing  the  bottom  of  the  longitudinal  fissure. 

Its  fibres  exhibit  a transverse  arrangement,  Cell.  In  addition  to  the 
transverse  fibering,  two  thin  bundles  of  longitudinal  fibres  lie  on  its  upper 
surface,  striae  longitudinales  mediates  (nervi  Lancisii),  NL  (fig.  23),  and 
between  them  a furrow,  the  raphe  (sutura  corporis  callosi).  Laterally  to 
the  nerve  of  Lancisi,  in  the  angle  below  the  gyrus  fornicatus,  another 
thickening,  stria  longitudinalis  lateralis  seu  tamia  tecta,  is  often  seen 
stretching  the  whole  length  of  the  corpus  callosum.  From  that  portion  of 
the  corpus  callosum  seen  at  the  bottom  of  the  fissure,  its  substance  radiates 
outwards  on  either  side  into  the  hemispheres  (radiatio  corporis  callosi). 
Above  the  corpora  quadrigemina,  the  posterior  edge  of  the  corpus 
callosum  is,  as  seen  in  a sagittal  section,  roundly  thickened  and  rolled  over, 
splenium  corporis  callosi,  Spec.  In  front  it  turns  over  in  the  knee  (genu 
corporis  callosi),  Gcc,  and  becoming  quickly  thinner  folds  downwards  and 
backwards  to  form  the  rostrum,  Rcc.  The  radiation  outwards  of  the 


Fig.  21.— Sagittal  section  through  the  brain  in  the  median  line,  right  half  ( natural 
size)  Of  the  convolutions  on  the  mesial  surface  of  the  hemisphere,  only  a part  of 
those  in  the  frontal  region  are  visible  (Lfr).-II,  Nervus  opticus  ; III,  nervus 
oculomotorius  ; IV,  crossing  of  the  n.  trochlearis  ; A A S',  aditus  ad  aquaeductum 
Sylvii ; AS,  aquaeductus  Sylvii ; Cc,  caualis  centralis  ; Cell,  corpus  callosum  ; Ch, 
chiasma  nervorum  opticorum  ; Cm,  corpus  mammillare  ; Coa,  commissura  ant. ; 
Coba  commissura  baseos  alba;  Com,  commissura  mollis;  Cop,  commissura  pos- 
terior • User,  calamus  scriptorius  ; Gu,  culmen  ; Be,  declive  ; Fee,  folium  cacuminis  ; 
Fcl  columna  fornicis  cut  across  at  ± ; Fna,  funiculus  ant.  med.  spinalis  ; Fnp, 
funiculus  post.  med.  spin.;  Foea,  foramen  caecum  ant.;  Foep,  foramen  racum  post.; 
Gee  genu  ; Gh,  ganglion  habenulae  ; Glp,  glandula  pinealis  ; Ey,  hypophysis  ; Lc, 
lobulus  centralis  ; Lg,  lingula  ; Lia,  lobus  inf.  ant.;  Lim,  lobus  inf.  med.;  Lip, 
lobus  inf.  post.;  Lsm,  lobus  sup.  med.;  Lap,  lobus  sup.  post;  Lt,  lamina  ter- 
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corpus  callosum  will  be  described  later  on.  Between  the  rostrum  and  genu 
of  the  corpus  callosum  in  front,  and  the  fornix  behind,  is  shut  in  a thin 
triangular  plate  of  nerve-substance,  septum  pellucidum,  Splc.  This  plate 
consists  of  two  layers  which  contain  between  them  a median  cleft,  the  fifth 
ventricle  (ventriculus  septi  pellucidi),  Vspl  (figs.  18  and  19).  The  size  of 
this  ventricle  varies  to  a not  inconsiderable  extent  in  different  individuals. 
The  lower  angle  of  the  septum  is  continued  between  the  rostrum  and  the 
fornix,  as  the  pedunculus  septi  pellucidi,  Pspl  (figs.  21  and  23),  and  reaches 
the  base  of  the  brain  at  the  mesial  comer  of  the  substantia  perforata 
anterior,  which  it  crosses  on  its  way  to  the  tip  of  the  temporal  lobe. 
In  fig.  21  the  septum  pellucidum  and  fornix  are  marked  with  the 
signs  + and  ±.  The  principal  part  of  both  has  been  removed  in  this 
preparation. 

( b .)  Fornix  (voute  k trois  ou  quatre  piliers,  trigone  cerebral)  appears 
as  a paired  structure  composed  of  longitudinal  fibres,  which  lies  on  the 
under  surface  of  the  corpus  callosum,  and  arches  over  the  thalamus  (fig. 
22).  The  fornix  comes  up  out  of  the  descending  horn  of  the  lateral 


minnlis  ; M,  situation  of  foramen  of  Monro  ; Nc,  nucleus  caudatus  ; No,  nodulus  • 
Nt,  nucleus  tecti  ; To,  pons  ; Pp,  pes  peduncnli  ; Pspl.,  pedunculus  septi  pellucidi 
cut  at  + ; Pu,  pulvinar  tlialami  ; Pyc,  pyramis  cerebelli ; qa,  corpus  quadrige- 
minum  an  terms ; qp,  corpus  quadrigeminum  posterius  ; Pcc,  rostrum;  Rh,  ramus 
meatmans  honzontalis  ; Rif,  infundibulum  ; Rip,  recessus  infra-pinealis  • Ro 
recessus  opticus  ; Rtrc,  rima  transverse  cerebri  ; Rv,  ramus  medullaris  verti’calis  ’• 
Shm  sulcus  horizon  tabs  magnus  ; Sia,  sulcus  inf.  ant.;  Sip,  sulcus  inf.  post.;’ 
, ’ sulcus  M°nroi;  Spec,  splenium  ; Sql,  sulcus  corp.  quad,  transversus  ■ Ssa 
sulc.  sup.  ant.;  Ssp,  sulcus  sup.  post.;  Sic,  stria  cornea;  Tic,  tuber  cinereum 
Thom,  thalamus  opticus,  mesial  surface;  Thos,  thalamus  opticus,  upper  surface- 
Tv  tuber  valvube ; TvS  tenia  ventriculi  tertii ; Uv,  uvula;  Vma,  velum 
medullare  ant. ; V/f,  fourth  ventricle. 
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ventricle  as  a flat  band  attached  to  the  brain-wall  by  one  of  its  edges  only.. 
In  this  situation  it  is  termed  the  fimbria,  Fi.  Converging  towards  its. 
fellow  of  the  opposite  side  it  reaches  the  under  surface  of  the  corpus, 
callosum  a little  in  front  of  the  splenium.  The  free  portions  constitute 
the  crura  fornicis  (posterior  pillars  of  the  fornix),  Far.  The  two  pillars  are 
separated  from  the  thalamus  by  the  interval  of  the  third  ventricle. 

The  two  crura  of  the  fornix  unite  a little  in  front  of  the  posterior  com- 
missure. From  this  spot  forwards  they  constitute  a single  band,  the  body 
of  the  fornix,  Fcp,  about  20  to  25  mm.  long,  firmly  united  to  the  corpus 
callosum.  In  front  the  septum  pellucidum  is  pushed  in  between  the  fornix 
and  the  corpus  callosum.  Anteriorly,  the  fornix  splits  into  two  rounded 
columns  (columnse  fornicis,  anterior  pillars),  Fcl  (figs.  18,  19,  20,  and  21), 
which  pass  backwards  as  well  as  downwards,  being  covered  with  a thin 
layer  of  grey  substance  belonging  to  the  thalamus.  If  this  grey  invest- 
ment is  removed  the  columns  of  the  fornix  can  be  followed  as  well-defined 
white  tracts  as  far  as  the  corpora  mammillaria  (radix  ascendens  fornicis),  fig. 
21.  Another  bundle  (bundle  of  Vicq  d’Azyr,  figs.  19  and  20,  VA)  fasci- 
culus thalamo-mammillaris,  ascending  from  each  corpus  mammillare  to  the 
optic  thalamus,  can  be  laid  bare  by  a little  manipulation  of  the  grey 
matter.  Making  a slight  lateral  inclination  it  reaches  the  tuberculum 
anterius.  Earlier  anatomists  regarded  this  fibre-tract  erroneously  as  a direct 
continuation  of  the  fornix.  The  two  posterior  crura  (pillars)  of  the  fornix, 
where  they  lie  beneath  the  corpus  callosum,  include  between  them  a 
structure,  triangular  and  equilateral,  with  an  angle  pointing  forwards, 
psalterium  (lyra  Davidis,  fornix  transversus,  commissura  Ammonis),  Ps  (fig. 
24).  It  consists  of  a thin  lamina  of  white  matter,  and  is  often  not  com- 
pletely united  to  the  corpus  callosum,  the  space  left  between  them  being 
called  Verga’s  ventricle,  VV.  The  total  length  of  the  fornix  is  about 
10  cm. 

(c.)  The  Anterior  Commissure,  Coa  (figs.  12,  19,  21,  and  22), 
appears  in  median  section  as  a very  conspicuous  bundle,  cut  transversely 
in  front  of  the  anterior  pillars  of  the  fornix,  a small  portion  of  it  only  being 
free  in  the  middle  line ; on  either  side  it  plunges  into  the  substance  of  the 
hemisphere.  The  anterior  commissure  is  very  easily  followed  by  simple 
dissection  or  by  making  a series  of  frontal  sections.  It  is  a well-defined 
bundle  which,  after  crossing  the  median  line,  passes  laterally,  and  then 
arches  backwards  under  the  nucleus  lenticularis. 

[In  a hardened  brain,  owing  to  the  shrinking  of  its  fibres,  the  anterior 
commissure  lies  almost  free  in  the  channel  which  it  occupies  in  its  course 
through  the  great  brain.  With  any  blunt  instrument  it  can  be  followed 
beneath  the  neck  of  the  nucleus  caudatus,  across  the  internal  capsule  and 
through  the  nucleus  lenticularis,  which  it  pierces  at  the  back  of  its  middle 
segment,  missing  the  internal,  but  traversing  the  external  segment.  It 
exhibits  a remarkable  torsion,  its  fibres  being  twisted  upon  one  another  in 
such  a manner  as  to  suggest  that  while  the  middle  portion  was  fixed 
the  two  ends  of  the  bundle  have  been  rotated  upwards  and  backwards 
(see  Appendix  A,  Rotation  of  Great  Brain).  This  commissure  makes 
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its  appearance  at  an  early  stage  in  the  development  of  the  brain.  It 
appears  to  be  present  in  all  vertebrates,  attaining  a greater  relative  impoi  t- 
ance  amongst  the  lower  members  of  the  sub-kingdom,  in  which  the  cortex 
of  the  great  brain  and  its  special  commissure,  the  corpus  callosum,  are 
rudimentary,  than  in  Man.] 

The  part  of  the  base  of  the  fore-brain,  which  lies  in  front  of  the 
optic  chiasm,  must  now  be  treated  of  in  further  detail  (fig.  23).  The 
lateral  and  mesial  portions  of  this  surface  will  be  separately  described.  On 
either  side  lies  a light  grey  area,  bounded  behind  by  the  optic  tract,  in 
front  by  the  frontal  convolutions,  and  laterally  by  the  temporo-sphcnoidal 


Fig.  22. — Part  of  a median  section  through  the  great  brain.  The  optic  thalamus  is 
broken  away;  the  parts  of  the  temporal  lobe  are  somewhat  separated  from  one 
another  ( natural  size). — B IF,  Gyrus  subcallosus  ; CAm,  cornu  Ammonis  ; Cell, 
corpus  callosum  ; cell,  sulcus  corporis  callosi ; cle,  fissura  calcarina  ; Cng,  gyrus 
cinguli ; Coa,  commissura  anterior;  Cm,  cuneus ; Fcl,  colutnna  fornicis ; Frp, 
corpus  fornicis ; Fcr,  crus  fornicis  ; Fd,  fascia  dentata ; Fi,  fimbria  ; Gcc,  genu 
corporis  callosi ; H,  gyrus  hippocampi ; I,  isthmus  gyri  foruicati ; oti,  sulcus 
occipito-temporalis  inferior;  PCu,  pedunculus  cunei ; poc,  fissura  parieto-occipitalis ; 
Bee,  rostrum  corporis  callosi ; sbp,  sulcus  subparietalis ; Spec,  splenium  corporis 
callosi ; Splc,  septum  pellucidum  ; Slim,  stria  longitudinalis  medialis  ; Tf,  tuber- 
culum  fascia;  dentata;. 

lobe,  T ) this  is  known  as  the  substantia  perforata  anterior  (lamina  crib- 
rosa),  fig.  23,  Spa.  Numerous  apertures  for  vessels  are  seen  in  this  region, 
especially  in  its  antero-lateral  portion.  It  is  these  holes  which  have  given 
the  area  its  name.  Separate  white  bundles,  emerging  from  the  side  of  the 
temporo-sphenoidal  lobe,  cross  this  area,  as  well  as  the  transverse  orbital 
convolution,  to  reach  the  free  white  column  of  the  olfactory  tract,  T-rol. 
The  olfactory  tract  passes  forwards  and  slightly  inwards  for  a distance  of 
about  3 5 cm.  At  its  anterior  end  it  bears  a yellowish-grey  swelling,  the 
olfactory  bulb  (bulbus  nervi  olfactorii),  Bol.  The  median  portion  of  this 
part  of  the  base  of  the  brain,  in  front  of  the  optic  chiasm,  is  narrower  than 
the  substantia  perforata,  but  reaches  farther  forwards ; it  constitutes  the 


UNDER  SIDE  OF  FORE-BRAIN. 

most  anterior  portion  of  the  floor  of  the  third  ventricle  (or  grey  floor- 
commissure). 

The  part  which  lies  immediately  in  front  of  the  chiasm  is  very  easily 
torn;  it  is  named  the  lamina  torminalis,  Lt,  fig.  23  (see  also  fig.  21).  A 
slight  transverse  elevation  is  produced  by  the  anterior  commissure,  here 
covered  by  a thin  layer  of  grey  matter. 


Fig.  23. — Part  of  the  base  of  the  brain,  the  left  hemisphere  in  front  of  the  optic  chiasm. 
The  apex  of  the  temporal  lobe  is  cut  away. — II,  Nervus  opticus ; Am,  nucleus 
amygdaleus  ; Bol.  bulbus  olfactorius  ; ch,  chiasma  ; Cm,  corpus  mammillare  ; Coa, 
elevation  in  the  grey  commissure  of  the  floor  of  the  third  ventricle  caused  by  the 
underlying  anterior  commissure  ; F,  frontal  lobe  ; Qcc,  genu  corp.  callosi ; Lt, 
lamina  terminalis  ; M,  longitudinal  fissure ; NL,  nervus  Lancisii ; Pp,  pes  pedun- 
cnli ; Pspl,  pedunculus  septi  pellucidi ; lice,  rostrum  corporis  callosi ; Sim,  sulcus 
medius  subst.  perf.  ant.;  Spa,  substantia  perforata  anterior;  T,  temporal  lobe; 
Tbc,  tuber  cinereum  ; Trol,  tractus  olfactorius;  TII,  tract  us  opticus;  U,  uncus. 

In  front  of  this  grey  elevation  is  seen  a furrow,  sulcus  medius  sub- 
stantim  perforata)  anterioris,  Sim,  which  extends  to  the  rostrum  corporis 
callosi,  Rcc.  On  either  side  of  the  median  furrow  is  seen  a thin  longi- 
tudinal swelling  which  emerges  from  under  the  rostrum,  gradually  broadens 
and  follows  the  direction  of  the  brain-cortex  backwards ; pedunculus  septi 
pellucidi,  Pspl.  Its  hinder  end  turns  outwards,  crossing  the  perforated 
space  towards  the  tip  of  the  temporal  lobe.  In  most  cases  its  course  is 
difficult  to  follow. 
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The  first  rudiments  of  the  primary  and  secondary  fore-brain  have  been 
already  described.  The  next  stage  is  the  formation  of  a great  thickening 
(nucleus  caudatus  and  nucleus  lenticularis)  in  the  floor  of  the  primary  fore- 
brain.  This  mass  of  grey  matter,  single  at  first,  is  presently  divided  into 
two  parts  by  a broad  fibre-tract  which  starts  from  the  brain-cortex  and 
passes  through  the  midst  of  it  on  its  way  to  the  spinal  cord.  The  upper 
mesial  part,  projecting  freely  into  the  ventricle,  becomes  the  nucleus 
caudatus,  the  lateral  and  lower  part  forms  the  nucleus  lenticularis.  The 
fibre-tract  itself  supplies  the  inner  capsule.  In  treating  of  the  development 
of  the  ’tween-brain  (p.  74)  we  were  forced,  moreover,  to  anticipate  our 
later  observations  by  speaking  of  the  tela  choroidea  media.  Where  the 
roof  of  the  ’tween-brain  (and  of  the  primary  fore-brain  also),  which  remains 
thin  in  every  stage  of  development,  borders  on  the  later  developed  secondary 
anterior  vesicle,  a thickened  arch  of  nerve-fibres  appears — the  fornix.  The 
corpus  callosum  comes  into  existence  comparatively  late,  and  in  the  follow- 
ing fashion : — The  mesial  surfaces  of  the  two  anterior  vesicles,  which  face 
each  other,  unite  half-way  up  only,  the  upper  and  lower  portions  of  each 
of  them  remaining  detached.  (This,  at  least,  is  the  case  in  the  anterior 
part.)  At  the  junction  of  the  two,  certain  fibres  (the  fibres  of  the  corpus 
callosum)  pass  from  one  hemisphere  to  the  other.  The  cleft  between  the 
two  vesicles  is  thus  broken  up  into  an  open  space  above,  the  longitudinal 
fissure,  and  a closed  space  below,  the  ventriculus  septi  pellucidi.  The 
septum  pellucidum,  or  that  part  of  the  wall  of  the  cerebral  vesicle  which 
is  cut  off  from  the  free  general  surface  by  the  development  of  the  corpus 
callosum,  remains  rudimentary  in  structure.  The  secondary  anterior 
cerebral  vesicles,  which  attain  a remarkably  high  development  in  Man, 
form,  as  has  been  shown,  the  brain-mantle  or  pallium.  They  are  com- 
pletely invested  with  grey  matter — the  cortex.  From  the  under  surface  of 
each  hemisphere  a hollo\v  off-shoot  grows  put,  directed  forwards,  its  interior 
cavity  communicating  with  the  anterior  horn  of  the  lateral  ventricle.  This 
is  the  lobus  olfactorius.  In  Man  the  cavity  or  ventriculus  lobi  olfactorii 
fills  up  at  a later  period,  but  indications  of  it  still  remain. 

We  owe  to  Edinger  our  knowledge  of  the  behaviour  of  the  several  parts 
of  the  brain  throughout  the  vertebrata.  He  has  shown  that  a secondary 
fore-brain  does  not  develop  from  the  primary  anterior  vesicle  in  all.  In 
the  rays  the  frontal  wall  of  the  primary  fore-brain  merely  thickens,  often 
growing  into  a very  large  and  massive  structure,  and  including  the  stem- 
ganglion.  In  many  sharks  vre  can  recognise  in  the  small  paired  out- 
growths  in  front  of  this  mass  the  first  rudiments  of  the  hemispheres.  In 
osseous  fishes  vre  find  an  immense  stem-ganglion,  the  corpus  striatum,  at 
the  base  of  the  fore-brain  (at  one  time  erroneously  held  to  be  the  actual 
hemispheres  of  the  cerebrum),  while  the  dorsal  portion  of  the  anterior 
vesicle,  the  pallium,  is  represented  only  by  a thin  layer  of  epithelium, 
which  is  destroyed  by  the  ordinary  methods  of  preparation. 

Proceeding  upwards  in  the  scale,  we  find  in  all  vertebrates  a clearly- 
defined  brain-mantle  arching  over  the  basal  stem  ; and  the  higher  we  ascend 
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the  more  highly  developed  are  both  the  grey  cortex  and  the  white  substance 
it  encloses. 

In  most  animals  the  lobi  olfactorii  are  far  more  highly  developed  than 
in  Man.  In  cartilaginous  fishes,  especially,  we  meet  with  bulbi  olfactorii  of 
enormous  size.  Birds  have,  on  the  whole,  but  little  sense  of  smell,  and  the 
development  of  the  region  which  subserves  this  sense  is  correspondingly 
slight.  I shall  discuss  the  central  olfactory  organs  of  mammals  in  detail 
when  I come  to  describe  the  first  pair  of  cerebral  nerves. 

In  lower  mammals  the  corpus  callosum  is  poorly  developed.  In  Mono- 
tremes  and  Edentates  it  is  hardly  distinguishable,  and  in  Submam- 
malia it  is  altogether  absent.  [There  is  no  corpus  callosum  in  non- 
placental  mammals.] 

The  fomix  looks  comparatively  large  in  many  mammals,  the  more  so 
from  the  fact  that  the  grey  substance  of  the  comu  Ammonis  extends  far  to 
the  front,  along  the  fornix  and  above  the  thalamus. 


6.  THE  VENTRICLES  OF  THE  GREAT  BRAIN. 

Although  the  anatomical  disposition  of  the  ventricles  of  the  great  brain 
seems  simple,  their  morphological  relations  to  the  nervous  substance  are 
only  to  be  made  out  by  careful  ontogenetic  study. 

The  ventricles  of  the  brain  can  be  entered  from  behind  beneath  the 
splenium  corporis  callosi.  However  much  the  transverse  slit  which  here 
exists  ([incisura  marsupii]  fissura  transversa  cerebri  anterior,  rima  transversa, 
fissura  Bichati)  is  closed  up  by  the  membranes  of  the  brain,  it  yet  affords 
this  opening.  The  first  thing  which  meets  the  view  when  one  removes  the 
back  of  the  brain,  with  the  corpus  callosum  and  body  of  the  fomix  (on  one 
side  at  any  rate  the  fornix  should  be  left  for  further  study),  is  not  the  optic 
thalamus  but  a vascular  membranous  fold  which  covers  it.  Seen  in  its 
whole  extent  at  once  this  fold  has  the  form  of  an  equilateral  triangle.  The 
base  of  the  triangle  corresponds  with  the  transverse  fissure;  its  apex 
reaches  the  anterior  pillars  of  the  fornix;  its  antero-lateral  borders  lie 
parallel  to  the  striae  cornese  and  somewhat  mesial  to  them,  and  are 
attached  to  the  surface  of  the  thalamus  (fig.  24) ; this  fold  of  membrane  is 
the  tela  choroidea  superior  (velum  triangulare  [ seu  interpositum]),  Tcs. 
The  lateral  margin  of  the  tela  choroidea  carries  a convoluted  system  of 
blood-vessels,  more  extensive  behind  than  in  front,  the  choroid  plexus  of 
the  great  brain,  Field.  At  the  junction  of  the  lateral  and  posterior  borders 
of  the  tela  choroidea  the  plexus  attains  its  greatest  development,  swelling 
into  the  so-called  glomus.  From  this  angle  of  the  tela  the  choroid  plexus 
is  continued  downwards,  and  finally  forwards  [around  the  cerebral  peduncle], 
following  the  course  of  the  crus  fornicis  as  far  as  the  anterior  point  of  that 
portion  of  the  lateral  ventricle,  which  we  shall  learn  presently  to  call  the 
descending  horn. 

If  the  fornix,  F,  has  not  been  removed,  one  notices  that  its  sharp  lateral 
border  is  attached  to  the  tela  choroidea  along  a line  parallel  to,  but  slightly 


Fig.  24.— Diagram  of  the  cerebral  ventricles  and  the  plexus  choroideus  medius.  — cell. 
Corpus  callosum  ; com,  commissura  mollis  ; F,  fornix  ; Of,  gyrus  fornicatus  ; La f, 
lamina  affixa  (its  union  with  the  thalamus  extends  farther  than  is  shown  in  the 
drawing,  to  the  plexus  choroideus) ; m,  great  longitudinal  fissure  ; Nc,  nucleus 
eaudatus ; Plchl,  plexus  choroideus  lateralis  ; Plclim,  plexus  choroideus  medialis  ; 
1%  psalterium  ; sm,  sulcus  Monroi ; Tcs,  tela  choroidea  superior;  Tho,  thalamus 
opticus  ; Tt,  tenia  thalami  ; VI,  ventriculus  lateralis  ; V3,  third  ventricle  (s  and 
i,  its  superior  and  inferior  portion  respectively) ; Vncst,  vena  stria;  cornete  • VV 
Verga’s  ventricle. 

Plclim.  They  extend  from  the  anterior  angle  of  the  tela  to  its  base. 
Attached  to  the  sharp  ridge  formed  by  the  junction  of  the  vertical  and 
horizontal  surfaces  of  the  thalamus  opticus  is  a thin  platelet  of  white 

matter,  tsenia  thalami,  Tt.  It  passes  over  into  the  plexus  choroideus 
medius. 

The  whole  hollow  space  in  the  interior  of  the  great  brain  is  divided  into 
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on  the  mesial  side  of,  the  stria  cornea  and  the  line  of  attachment  of  the 
tela  to  the  thalamus.  Where  it  lies  by  the  side  of  the  plexus  choroideus 
the  tela  choroidea  shrinks  into  a thin  lamella  of  white  matter  (lamina  affixa, 
Laf),  firmly  attached  to  the  surface  of  the  thalamus.  It  can  be  followed  as 
far  as  the  mesial  side  of  the  stria  cornea. 

On  the  under  side  of  the  tela  choroidea,  near  the  middle  line,  are 
attached  two  narrow  strips  of  choroidal  plexus,  plexus  choroidei  medii, 
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three  portions  by  the  attachments  of  the  tela  to  the  thalami,  a middle,  VS, 
and  two  symmetrical  lateral  ventricles,  VI. 

There  arc,  besides,  other  spaces  more  or  less  considerable,  to  which 
little  or  no  regard  is  usually  paid.  They  may,  nevertheless,  prove  of  great 
importance,  especially  in  pathological  conditions.  In  the  diagram  (fig.  24) 
their  extent  is  purposely  exaggerated.  First,  in  the  middle  line  and  between 
the  under  surface  of  the  corpus  callosum  and  the  psalterium,  we  find  a cleft 
which  is  sometimes  large  enough  to  deserve  the  name  of  a cavity.  This 
cavity  is  Verga’s  ventricle,  of  which  mention  has  been  made  already  (p.  81). 
The  under  surfaces  of  the  psalterium  and  fomix  are  attached  to  the  upper 
surface  of  the  tela  choroidea  by  loose  connective-tissue,  and,  still  in  the 
middle  line,  below  Verga’s  ventricle,  we  find  another  space,  generally  of 
inconsiderable  dimensions.  That  part  of  the  under  surface  of  the  tela 
choroidea  which  lies  between  the  taenia  thalami  and  the  lamina  affixa  is 
attached  in  similar  fashion  to  the  upper  surface  of  the  thalamus.  A space 
is  thus  left  at  either  side,  which  might  well  be  designated  spatium  infra- 
choroideum. 

The  third  or  middle  ventricle,  ventriculus  tertius,  is  a vertical  cleft 
between  the  grey  mesial  surfaces  of  the  thalamus  (fig.  24,  V3s  and  V3i, 
and  figs.  18,  19,  and  20).  At  its  hinder  end  the  aquseductus  Sylvii  opens 
into  the  ventricle  at  the  aditus  ad  aqiueductum,  A AS  (fig.  21).  From  this 
spot  its  floor  sinks  downwards  somewhat  quickly  to  the  apex  of  the  infun- 
dibulum. The  anterior  wall  is  formed  by  the  lamina  cinerea  terminalis,  Lt, 
already  described.  The  lowest  part  of  this  surface  is  so  pushed  into  the 
ventricle  by  the  optic  chiasm,  that  a pouch  is  formed  above  the  chiasm, 
recessus  chiasmatis  (seu  opticus),  Ro.  In  front,  where  the  stria  medullaris 
approaches  quite  close  to  the  anterior  pillar  of  the  fornix,  a wide  space, 
foramen  of  Monro,  M,  is  left  between  the  thalamus  and  the  fornix.  The 
plexus  choroideus  lateralis  with  a vein  passes  out  of  the  lateral  ventricle 
into  the  third  ventricle  through  this  hole,  and  bends  backwards  in  the 
plexus  choroideus  medius.  The  foramen  of  Monro  constitutes  the  only 
direct  connection  between  the  middle  and  lateral  ventricles  (see  also  fig.  6). 

A shallow  groove  is  to  be  noticed  on  the  mesial  face  of  the  thalamus, 
which  passes  in  a gentle  curve  beneath  the  commissura  mollis,  from  the 
foramen  of  Monro  to  the  aditus  ad  aquaeductum  Sylvii,  sulcus  Monroi  seu 
hypothalamicus,  SIM  (fig.  21). 

The  paired  lateral  ventricles  (ventriculi  laterales  seu  tricornes),  VI, 
lie  in  the  interior  of  each  hemisphere,  and  communicate  through  the  fora- 
men of  Monro  with  the  middle  ventricle ; they  are  not  directly  in  connection 
with  one  another. 

Just  as  the  whole  hemisphere  in  the  human  brain  is  to  be  looked  upon 
as  presenting  an  arch  open  in  front  with  a posterior  prolongation,  the 
occipital  lobe,  so  the  cavity  which  it  contains  is  an  arched  space  with  a 
special  occipital  prolongation  backward. 

In  each  lateral  ventricle  (figs.  12,  18,  and  19)  is  distinguished  a central 
or  principal  part  (cella  media),  from  which  a hom  (anterior  horn,  Via) 
passes  forwards,  a diverticulum  is  continued  backwards  (posterior  horn, 
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Vlp),  and,  lastly,  the  ventricle  ends  in  the  inferior  limb  of  the  arch,  the 
inferior  [or  descending]  horn,  Vli. 

The  anterior  horn  is  the  part  of  the  lateral  ventricle  which  corre- 
sponds to  the  head  of  the  nucleus  caudatus,  and  reaches  still  farther 
forwards  into  the  frontal  lobe.  Its  mesial  wall  is  formed  by  the  septum 
pellucidum.  The  corpus  callosum  constitutes  its  front  wall  and  roof. 

The  cella  media  begins  at  about  the  level  of  the  foramen  of  Monro. 
Its  roof  is  formed  by  the  middle  portion  of  the  body  of  the  corpus  callosum. 
In  the  floor  of  the  cavity  lie,  in  order  from  without  inwards,  the  tail  of  the 
nucleus  caudatus,  the  stria  cornea,  the  lamina  affixa  (its  apparent  connection 
with  the  upper  surface  of  the  thalamus  is  deceptive),  and  the  plexus 
choroideus  lateralis  (figs.  12  and  24).  The  upper  surface  of  the  fornix  may 
also  be  included  in  the  floor  of  the  cella  media,  since  this  structure  lies 
with  only  its  mesial  edge  resting  against  the  corpus  callosum. 

The  posterior  horn  of  the  lateral  ventricle  (fig.  25)  begins  at  about 
the  level  of  the  splenium  corporis  callosi,  and  reaches  usually  nearly  to  the 


I'ig.  25.  Frontal  suction  through  the  right  cerebral  hemisphere,  behind  the  splenium 
corporis  callosi.  Posterior  segment.  (Natural  size. ) — M,  Mesial  surface  of  the  hemi- 
sphere ; clc,  fissura  calcarina  ; Vlp,  posterior  horn  of  the  lateral  ventricle  ; Bcp, 
bnlbus  cornu  posterioris  ; Phmn,  pes  hippocampi  minor  ; Fli,  fasciculus  longitu- 
dinalis  inf. ; Tp,  tapetum. 

occipital  pole  of  the  hemisphere.  For  upper  and  outer  walls  the  posterior 
horn  has  the  continuation  of  the  corpus  callosum  or  tapetum,  Tp,  below 
which  lies  the  bulk  of  the  fasciculus  longitudinalis  inferior.  The  mesial 
and  lower  wall  is  formed,  as  shown  in  a frontal  section,  by  three  more  or 
less  distinct  elongated  elevations.  The  upper  corresponds  to  the  margin  of 
the  corpus  callosum,  forceps  posterior  corporis  callosi  (bulbus  cornu  pos- 
terioris),  Bcp.  The  middle  swelling,  calcar  avis  (pcs  hippocampi  minor), 
Phvm,  is  formed  by  a fissure  (fissura  calcarina),  clc,  which,  cutting  deeply 
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into  the  mesial  surface  of  the  hemisphere,  pushes  in  front  of  it  the  wall  of 
the  ventricle.  In  some  brains  in  which  this  swelling  is  strongly  developed 
its  surface  is  somewhat  indented  transversely,  faintly  recalling  a bird’s 
claw.  The  lowest  and  least  convex  of  the  three  swellings  is  produced  by  a 
thickening  in  the  mass  of  longitudinal  white  fibres,  fasciculus  longitudinalis 
inferior,  Fit.  The  choroid  plexus  does  not  enter  the  posterior  horn. 

The  inferior  (descending)  horn  (fig.  26),  Vli , extends  far  forwards 
into  the  temporal  lobe,  but  terminates  about  2 cm.  behind  its  pole.  It  is 
apparently  open  to  the  mesial  surface  through  the  hippocampal  fissure 
(fissura  cornu  Ammonis,  h).  For  the  greater  part  of  its  extent  the  inferior 
horn  is  roofed  in  by  the  tapetum ; the  tail  of  the  caudate  nucleus  and  the 
stria  cornea  also  extend  to  the  front  of  this  horn.  Near  the  anterior  end  of 
the  comu  Ammonis  the  tail  of  the  caudate  nucleus,  which  by  this  time  is 
reduced  to  a thin  grey  band,  begins  to  swell  suddenly,  and  passes  over  into 
the  nucleus  amygdaleus  (figs.  20  and  23). 

Let  us  enter  the  inferior  horn  from  the  mesial  side  through  the  fissura 
hippocampi,  h,  with  a view  to  explore  its  inferior  wall.  A succession  of 
structures  are  met  with,  all  arranged  longitudinally ; first,  a broad  convolu- 
tion, gyrus  hippocampi  (subiculum  comu  Ammonis),  //,  on  the  surface  of 
which,  in  the  fresh  brain,  a reticulated  white  layer  is  recognisable,  substantia 
reticularis  Arnoldi ; secondly,  a frequently  notched  grey  cord,  almost  hidden 
at  the  bottom  of  a furrow,  fascia  dentata,  fd ; thirdly,  a flattened  or  trian- 
gular white  column,  the  fimbria,  Fi,  covering  up  the  fascia  dentata,  which 
is  only  distinctly  visible  after  the  fimbria  has  been  pushed  aside ; fourthly, 
a considerable  white  swelling,  the  pes  hippocampi  majoris  (comu  Ammonis, 
CAm),  which  is  greatly  enlarged  and  distinctly  indented  in  front;  fifthly, 
in  the  depth  of  the  inferior  horn  is  to  be  found  not  infrequently  a swelling, 
eminentia  collateralis  Meekelii,  EcM,  which,  like  the  pes  hippocampi  minoris 
of  the  posterior  horn,  is  simply  due  to  the  deep  indentation  of  the  surface 
by  a fissure  (fissura  collateralis  seu  occipito-temporalis  inferior),  oti.  The 
eminentia  collateralis  is  separated  from  the  cornu  Ammonis  by  a furrow, 
which  I will  call  the  fissura  subiculi  interna,  so  deep  that  it  almost  splits 
the  subiculum.  It  is  not  distinctly  marked  off  from  the  tapetum  on  the 
outer  side. 

Of  the  several  structures  just  mentioned,  the  subiculum  and  fascia 
dentata,  as  well  as  part  of  the  fimbria,  lie  outside  the  inferior  horn  proper. 
The  fimbria  presents  a sharp  edge,  to  which  the  plexus  choroideus  lateralis, 
Pc,  is  attached.  Only  the  portion  of  the  fimbria  which  lies  laterally  to  this 
edge  enters  the  inferior  horn.  The  cornu  Ammonis  and  eminentia  colla- 
teralis properly  form  its  floor. 

Followed  back  to  the  splenium  corporis  callosi,  one  sees  that  the  subic- 
ulum cornu  Ammonis  is  continued  over  the  corpus  callosum  as  the  gyrus 
cinguli,  Cng ; also,  that  the  fascia  dentata  is  the  termination  of  the  free 
edge  of  the  cortex.  Above  the  corpus  callosum  it  constitutes  a thin  layer 
0f  grcy  substance  hardly  distinguishable  from  the  cortex  of  the  gyrus 
cinguli,  indusium  griseum.  The  free  mesial  edge  of  the  indusium  is 
thickened,  and  forms  (without  other  addition)  certain  recognisable  longi- 
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tudinal  strife,  strife  longitudinales  mediales  (seu  nervi  Lancisii,  Stlm  (fig. 
22,  NL,  fig.  23).  Just  before  the  fascia  dentata,  having  reached  the 
splcnium  corporis  callosi,  begins  (much  diminished  in  size)  to  ascend  on 
to  its  upper  side,  it  swells  out  into  a tubercle  looking  as  if  the  great 
splcnium  pressed  it  down,  tubercle  fasciae  dentatae  ( Znckerkandl ),  Tf  (fig. 
22).  Between  this  tubercle  and  the  ascending  gyrus  hippocampi,  and  con- 
nected with  the  latter,  lie  certain  minute  convolutions,  better  seen  in  many 
animals  than  in  Man,  which  Zuckerlcandl  calls  callosal  convolutions,  BW  . 
Exceptionally  in  Man,  these  convolutions  form  a noticeable  cord-like  body , 
which  stretches  on  to  the  upper  surface  of  the  corpus  callosum  beneath  the 


Fig.  20. — Frontal  section  through  the  right  hemisphere  behind  the  uncus.  Anterior 
segment.  ( Natural  size.) — The  upper  part  is  not  represented. — II,  Tractus  opticus ; 
CAin,  cornu  Ammonis  ; Cell,  corpus  callosum ; cell,  sulcus  corporis  callosi ; Cgl, 
corpus  geniculatum  laterale;  Cgm,  corpus  geniculatum  mediale;  Cng,  cingulum  ; 
EcM,  eminentia  collateral^  Mcckelii  ; F,  fornix  ; fd,  fascia  dentata  ; Fi,  fimbria  ; 
h,  fissura  hippocampi  ; H,  gyrus  hippocampi  ; He,  nucleus  caudatus  ; Op,  oper- 
culum ; oli,  sulcus  occipito-temporalis  inferior  ; Oil,  Otm,  gyri  occipito-temporalis 
lateralis  et  medialis  ; Pc,  plexus  clioroideus  lateralis ; Pp,  pes  pedunculi ; S, 
fissura  Sylvii ; Sic,  stria  cornea  ; Tho,  thalamus  opticus  ; Tp,  tapetum  ; Ts,  Tin, 
Ti,  gyri  temporalis  superior,  medius  et  inferior  ; is,  tin,  tc,  sulci  temporalis  slip., 
med.  et  inf.;  Tt,  gyrus  temporalis  transversus  ; U,  uncus  ; VI i,  inferior  horn  of  the 
lateral  ventricle. 

gyrus  fornicatus.  The  fascia  dentata  and  the  nervi  Lancisii,  which  pass 
over  the  genu  corporis  callosi  to  reach  the  base  of  the  brain  and  there  cross 
the  substantia  perforata  anterior  towards  the  temporal  pole,  form  together 
an  almost  complete  ring. 

The  fimbria  becomes  the  crus  fomicis,  Frr.  The  splcnium  corporis 
callosi  squeezes  itself  in  between  the  crus  and  the  continuation  upwards  of 
the  fascia  dentata.  Between  these  two  structures  and  the  corpus  callosum 
a triangular  area  is  left. 

Starting  at  the  foramen  of  Monro  and  travelling  along  the  concave 


92 


GROWTH  OP  VELUM  INTERPOSITUM. 


border  of  the  fornix,  the  plexus  choroideus  finds  entrance  from  the  mesial 
surface  into  the  lateral  ventricle  through  a curved  cleft  (figs.  22  and  24). 
Development  teaches  us,  however,  that  no  true  gap  in  the  brain-wall  exists, 
for  the  foramen  of  Monro  is  all  that  is  left  of  a much  larger  passage  from 
the  primary  to  the  secondary  fore-brain  found  in  the  foetus.  The  velum 
interpositum,  which  springs  from  the  primitive  falx  cerebri,  is,  with  its 
choroid  plexus,  developed  early  in  foetal  life.  By  its  further  growth  on  the 
two  sides  the  velum  interpositum  pushes  the  inner  walls  of  the  primitive 
cerebral  vesicles  before  its  margin  into  their  cavities  (the  future  lateral 
ventricles),  and  so  makes  in  each  of  them  a cleft  which  arches  backwards 
over  the  thalamus  from  the  foramen  of  Monro  ; the  transverse  fissure  of 
the  cerebrum  (fissura  choroidea  sen  transversa  cerebri).  The  involuted 
portion  of  the  wall  of  the  ventricle  is  thinned  down  to  a mere  layer  of 
epithelium,  which  covers  the  choroid  plexus,  but  still,  along  the  whole 
extent  of  the  transverse  fissure,  closes  the  ventricle  in. 

In  fig.  24  the  space  between  the  latei’al  margin  of  the  fornix  and  the 
line  along  which  the  tela  choroidea  is  fixed  to  the  thalamus  coiTesponds  to 
the  transverse  fissure.  Through  this  gap  the  choroid  plexus  advances  into 
the  lateral  ventricle. 

[It  is  not  common  in  English  text-books  to  extend  the  use  of  the  term 
‘ transverse  fissure  ’ to  all  parts  of  the  cleft  through  which  the  velum  inter- 
positum gains  admittance  to  the  lateral  ventricles,  but  the  custom  is  rather 
to  limit  the  term  to  the  ‘ ti'ansverse  fissure  of  Bichat  ’ or  incisura  mar- 
supialis.] 

Fig.  26  shows  the  plexus  choroideus,  Pc,  in  two  situations,  one  in  the 
inferior  horn  and  the  other  beneath  the  corpus  callosum.  In  this  latter 
situation  the  pitting  in  of  the  wall  of  the  ventricle  by  the  plexus  is  also  to 
be  seen. 


7.  THE  FISSURES  AND  CONVOLUTIONS  ON  THE 
SURFACE  OF  THE  GREAT  BRAIN. 

The  great  brain  may  be  regarded  as  a single  almost  globular  body, 
divided  by  the  great  longitudinal  fissure  into  two  hemispheres,  each 
of  which  presents  a convex  outer  (lateral)  and  a flat  mesial  surface,  which 
meet  at  an  edge,  sharp  for  the  greater  part  of  its  extent. 

On  the  surface  of  the  adult  brain  a large,  although  variable,  number 
of  fissures  are  visible,  besides  certain  structures  not  properly  superficial, 
which  we  find  in  the  midst  of  its  mesial  surface.  Between  them  the 
surface  is  raised  into  convolutions. 

It  must  be  allowed  that  the  fissures  and  convolutions  of  the  cortex 
are  not  constant  in  arrangement ; most  of  them,  however,  follow  a definite 
type,  and  much  trouble  has  been  taken  to  determine  the  laws  of  their  topo- 
graphical distribution.  We  cannot  yet  regard  the  investigations  into  their 
developmental  history  and  arrangement  in  different  animals  as  complete. 

In  the  following  account,  Eclcer’s  nomenclature  will  be  adopted  on 
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the  ground  that,  being  accepted  by  most  anatomists,  and  being  understood 
in  all  lands,  his  classification  has  come,  in  a sense,  to  be  an  international 
one.  We  must  bear  in  mind,  however,  that  it  needs  considerable  modifica- 
tion to  bring  it  into  harmony  with  the  results  of  numerous  attempts 
recently  made  to  perfect  our  knowledge  of  the  surface  of  the  brain  and  to 
determine  the  true  type  of  convolution. 

The  question  is  often  discussed  whether  greater  attention  should 
be  paid  to  the  convolutions  or  the  fissures.  The  proper  way  to  look  at  the 
matter  is  to  regard  the  fissures  as  cut  into  the  surface  of  the  brain,  the 
convolutions  as  the  portion  of  tissue  left  between  adjoining  fissures. 

If  an  embryonic  human  brain  is  examined  at  the  fifth  or  sixth  month, 
or  if  we  look  at  the  brain  of  a rodent  animal,  certain  fissures  are  seen 
cutting  into  the  flat  surface  in  regions  where  no  convolutions  have  yet 
appeared ; the  latter  only  make  their  appearance  as  the  fissures  become 
numerous  and  approach  near  together. 

Fissures  may  be  arranged  in  order  of  importance  in  the  three  following 
groups : — 

1.  Principal  or  total  fissures  (fissurre,  scissurm,  sulci  primarii). 

2.  Typical  or  secondary  fissures  (sulci  secundarii). 

3.  Atypical  or  tertiary  fissures  (sulci  tertiarii). 

The  chief  fissures  are  the  first  to  appear  and  permanently  the  deepest. 
They  are  called  total  fissures,  because  in  early  embryonic  life,  when  the 
wall  of  the  ventricle  is  thin,  they  involute  it  into  the  ventricular  cavity. 
An  example  of  this  condition  persists  in  the  adult  brain  in  the  posterior 
horn  of  the  ventricle,  the  calcar  avis,  Phmn,  being  formed  in  this  way 
(fig.  25).  The  later  subsidiary  fissures  sink  into  the  surface  only;  they 
are  divisible  into  those  which  are  present  in  every  normal  brain 
(secondary  fissures),  and  those  which  are  subject  to  individual  variations 
in  number  and  direction  (tertiary  fissures). 

The  portions  of  the  brain  marked  off"  by  fissures  are  distinguished  as 
lobes,  lobides,  and  gyri. 

. The  chief  divisions  are  distinguished  as  lobes.  This  delimitation 
applies  not  to  the  cortex  only,  but  also  to  the  underlying  mass  of  the 
brain.  Each  lobe  comprises  convolutions  of  which  some  in  ordinary 
parlance  are  termed  lobules.  Typical  convolutions,  it  goes  without  say- 
ing, are  those  bounded  by  typical  fissures.  Atypical  fissures  bound 
atypical  convolutions.  We  only  recognise  as  convolutions  those  which 
appear  on  the  surface,  and  often  forget  that  little  convolutions  are  to 
be  found  in  the  bottom  of  certain  fissures;  deep  or  bridging  con- 
volutions. The  superficial  connections  between  adjoining  convolutions 
are  named  by  Merkel  gyri  transitori  [annectant  convolutions].  The 
amount  of  cortex  hidden  away  in  the  fissures  is  in  the  human  brain  about 
double  that  which  appears  on  the  surface. 

Chief  Fissures.— 1.  Fissura  Sylvii  (fossa  Sylvii,*  fissura  lateralis), 
fig.  27.  It  is  essentially  distinguished  from  all  other  fissures  by  the 

* [A  term  better  restricted  to  the  open  depression  on  the  fcetnl  brain,  which  precedes 
the  closed-in  fissure  of  Sylvius.] 
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manner  of  its  origin.  Its  appearance  is  due  to  the  fact  that  the  great 
brain,  during  its  growth,  curves  round  its  central  stem-connection,  making 
on  its  surface  an  arch  open  in  front  and  below,  which  closes  in  an  area, 
also  invested  with  cortex,  at  first  oval  and  later  triangular  in  form, 
the  ‘island.’ 

During  the  further  growth  of  the  brain,  the  island  is,  in  a sense,  fixed 
to  the  stem  portion  of  the  hemisphere,  while  the  rest  of  the  great  brain  is 


Fig.  27. — Left  hemisphere  from  the  side  ( half  natural  size). — a,  Sulcus  parietalis 
transversus  ; Ang,  gyrus  angularis  ; c,  central  fissure  ; Ca,  gyrus  centralis  anterior ; 
dim,  sulcus  calloso-marginalis ; Op,  gyrus  centralis  posterior  ; fi,  sulcus  frontalis 
inferior  ; Pi,  gyrus  frontalis  inferior  ; Fm,  gyrus  front,  medius  ; Fs,  gyrus  frontalis 
superior ; fs,  sulcus  frontalis  superior ; ip,  fissura  interparietalis ; Oi,  gyrus 
occipitalis  inferior  ; ol,  sulcus  occipitalis  lateralis  ; Om,  gyrus  occipitalis  medius ; 
Op,  operculum  ; Os,  gyrus  occipitalis  superior  ; otr,  sulcus  occipitalis  transversus  ; 
FF,  frontal  pole  ; Pi,  lobulus  parietalis  inferior ; PO,  occipital  pole ; poc,  fissura 
parieto-occipitalis,  pars  lateralis  ; Pop,  pars  opercularis  ; Porb,  pars  orbitalis  ; pre, 
sulcus  praecentralis  inferior;  pres,  sulcus  praecentralis  superior;  Ps,  lohulus 
parietalis  superior ; pstc,  sulcus  postcentralis,  a constant  little  side  branch  of  the 
interparietal  fissure  in  front  of  the  parieto-occipital  fissure  ; FT,  temporal  pole  ; 
Ptr,  pars  triangularis ; raa,  ramus  anterior  ascendens ; rah,  ramus  anterior 
horizontalis ; sh,  pars  horizontalis ; Sm,  gyrus  supramarginalis  ; Ti,  gyrus  temporalis 
inferior  ; tm,  sulcus  temporalis  medius  ; Tin,  gyrus  temporalis  medius  ; trs,  truncus 
fissura}  Sylvii ; Ts,  gyrus  temporalis  superior ; ts,  sulcus  temporalis  superior ; Tt, 
gyrus  tempor.  transversus.  The  boundaries  between  the  four  lobes  when  not  made 
by  fissures  are  marked  with  dotted  lines. 

free ; lienee  surrounding  parts  bulge  over  the  island,  and,  closing  it  in  from 
three  sides  (from  the  front,  from  above,  and  from  below),  leave  it  lying  at 
the  bottom  of  a [V-shaped]  cleft,  the  fissnra  Sylvii.  The  island  is  seen  only 
after  the  neighbouring  convolutions  have  been  pulled  aside. 

The  form  of  the  Sylvian  fissure  is  determined  by  this  growth  of  the 
hemisphere  from  three  sides.  It  consists  of  a short  commencing  portion, 
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trs  (truncus  fissura  Sylvii),  belonging  for  the  most  part  to  the  base  of  the 
brain,  which  ascends  abruptly  from  the  substantia  perforata  anterior  on  to 
the  lateral  surface  of  the  hemisphere,  and  then  bends  over  into  the 
principal  or  horizontal  portion  of  the  fissure,  sh  (ramus  horizontalis 
posterior) ; this  ramus  runs,  slightly  ascending,  far  backwards.  Two  short 
but  deep  lateral  fissures  usually  ascend  from  the  anterior  portion  of  the 
horizontal  ramus ; of  these,  the  first  runs  horizontally  forwards,  rah 
(ramus  anterior  horizontalis) ; the  other  ascends  vertically,  raa  (ramus 
anterior  ascendens).  Usually  the  Sylvian  fissure  ends  by  turning  upwards 
at  a somewhat  acute  angle.  It  is  then  called  ramus  posterior  ascendens. 
A short  secondary  ramus  is  often  found  descending  from  the  angle.  In 
most  brains  the  Sylvian  fissure  is  decidedly  longer  on  the  left  side  than  on 
the  right  ( Eberstaller ). 

2.  Sulcus  centralis  (sidcus  Rolandi,  fissura  transversa),  c.  This  fissure 
also  runs  its  course  on  the  convex  surface.  It  begins  at  about  the  level  of 
the  centre  of  the  mesial  cortex-border,  but  without  quite  reaching  the  edge, 
and  is  thence  directed  obliquely  forwards  and  downwards  towards  the 


Fig.  28. — Left  hemisphere  of  a human  embryo  at  the  fifth  month. — F,  Frontal ; 

P,  parietal ; 0,  occipital  ; T,  temporal  lobes  ; I,  island  of  Reil. 

horizontal  limb  of  the  Sylvian  fissure,  generally  making  two  sharp  turns 
on  the  way,  the  superior  and  inferior  genu  of  the  sulcus  centralis. 
The  cases  iu  which  it  extends  into  the  Sylvian  fissure  amount  to  about 
10  per  cent.  Since  the  central  fissure  does  not  cut  deeply  enough  into  the 
surface  to  produce  a bulging  of  the  ventricle  wall,  it  ought  not,  strictly 
speaking,  to  be  treated  as  a chief  fissure,  but  its  early  origin,  depth,  and 
constancy  justify  us  in  assigning  this  rank  to  it. 

3.  Fissura  parieto-occipitalis  (fissura  occipitalis,  f.  occipitalis  per- 
pendicularis),  poc , belongs  in  its  principal  part  to  the  mesial,  in  its 
smaller  part  to  the  lateral  surface.  Hence  two  divisions  are  distinguished, 
and  often  called  by  separate  names.  A mesial  portion  (fissura  per- 
pendicularis  interna),  fig.  30,  and  a lateral  portion  (upper  part  or  fissura 
pcrpendicularis  externa),  fig.  29.  The  fissure  on  the  mesial  surface  is 
distinguished  by  its  depth  and  extent.  Commencing  at  the  cortex-border 
some  4 or  5 cm.  in  front  of  its  posterior  angle,  it  runs  downwards  and 
sharply  forwards,  joining  another  fissure  (fissura  calcarini,  about  to  be 
described)  at  an  acute  angle.  As  already  mentioned,  the  parieto-occipital 
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fissure  extends  over  the  border,  and  runs  a short  course  (1  to  2 cm.)  on  the 
convex  surface.  Exceptionally,  it  reaches  a long  way  down. 

4.  Fissura  calcarina  (fissura  occipitalis  horizontalis,  para  posterior 
fissurse  hippocampi),  clc  (fig.  30),  belongs  exclusively  to  the  mesial  surface. 


PF 


Fig.  29. — Left  hemisphere  from  above  (half  nat.  size). — a,  Side  branch  of  the  intra- 
parietal  fissure  in  front  of  the  parieto-occipital ; Ang,  gyrus  angularis  ; c,  central 
fissure  (fissure  or  Rolando) ; Ca,  gyrus  centralis  ant.  ; ellm,  sulcus  calloso- 
marginalis  ; Cp,  gyrus  centralis  posterior;  fi,  sulcus  frontalis  inf.;  Fi,  gyms 
frontalis  inf.  ; Fm,  gyrus  frontalis  medius  ; Fs,  gyrus  frontalis  sup.  ; fs,  sulcus 
frontalis  sup. ; ip,  fissura  intraparietalis  ; Om,  gyrus  occipitalis  medius;  Os,  gyrus 
occipitalis  superior  ; otr,  sulcus  occipitalis  transversus  ; PI' , frontal  pole  ; Pi, 
lobulus  parietalis  inf.;  PO,  occipital  polo;  poc,  fissura  parieto-occipitalis  ; prc, 
sulcus  pnecentralis  inferior;  pres,  sulcus  prtecentralis  superior;  Ps,  lobulus 
parietalis  sup.  ; pstc,  sulcus  centralis  post.;  S,  fissura  Sylvii  ; Sm,  gyrus  supra- 
marginalis  ; ts,  sulcus  temporalis  superior.  The  antero-posterior  diameter  of  the 
corpus  callosum,  as  it  lies  in  the  great  longitudinal  fissure,  is  indicated  by  the 
distance  between  m and  n. 

It  commences  near  the  posterior  angle  of  the  hemisphere,  usually  in  two 
very  short  limbs,  runs  horizontally  forwards,  joins  the  parieto-occipital 
fissure,  and  terminates  not  far  below  the  splenium  corporis  callosi. 
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Two  fissures  which  are  not  to  be  recognised  in  the  fully-developed 
brain  must  be  added  to  the  1 total  ’ fissures.  They  bound  the  gyrus 
arcuatus,  which  lies  on  the  mesial  surface  of  the  foetal  brain. 

1.  The  arcuate  fissure,  which  in  its  upper  portion  bounds  the  corpus 
callosum  (sulcus  corporis  callosi,  cell,  sometimes  most  inaptly  designated 
Sabatier's  ventricle),  but  which  below  corresponds  to  the  fissure  (fissura 
dentata)  which  causes  the  hippocampus  major  to  bulge  into  the  descending 
horn  of  the  lateral  ventricle  (figs.  26  and  30,  h). 

2.  Fissura  choroidea,  which  in  the  developed  brain  is  no  longer 
obviously  present,  nor  is  it  any  longer  in  relation  to  the  cortex  proper. 
It  is  represented  by  the  folding  of  the  choroid  plexus  into  the  lateral 
ventricle  already  frequently  mentioned. 

The  Separate  Lobes  of  the  Great  Brain.— The  attempt  has 
been  made  to  use  the  chief  fissures  as  boundary  lines  for  the  lobes 
of  the  brain,  but  these  fissures  only  constitute  portions  of  such  border 
lines,  and  for  the  rest  the  division  must  always  remain  an  arbitrary  one. 
The  frontal  lobe  (lobus  frontalis)  is  the  piece  in  front  of  the  central  fissure 
and  above  the  fissure  of  Sylvius.  The  parietal  lobe  (lobus  parietalis)  begins 
behind  the  central  fissure,  and  reaches  backwards  as  far  as  the  parieto- 
occipital fissure  and  downwards  to  the  fissure  of  Sylvius,  but  it  is  not 
completely  separated  by  means  of  these  fissures,  either  from  the  occipital 
lobe  which  lies  behind  it  or  the  temporal  lobe  which  lies  below.  Hence 
these  boundaries  are  artificial,  and  differently  understood  by  different 
authors.  Remaining  as  far  as  possible  true  to  Ecker’s  typical  classification 
of  the  convolutions,  we  will  employ,  for  the  purpose  of  distinguishing  the 
parietal  from  the  occipital  lobe,  a shallow  impression  (impressio  petrosa)  on 
the  under  side  of  the  hemisphere,  corresponding  to  the  upper  angle  of  the 
petrous  portion  of  the  temporal  bone ; an  impression  often  to  be  seen  only 
just  after  the  brain  is  taken  from  the  skull.  A line  continuing  the 
direction  of  the  parieto-occipital  fissure  as  far  as  this  depression  separates 
the  two  lobes.  It  is  still  more  difficult  to  define  the  temporo-sphenoidal 
(seu  temporal)  lobe.  From  the  angle  made  by  the  horizontal  and  ascend- 
ing limbs  of  the  Sylvian  fissure  we  can  draw  a line  backwards  and 
downwards  towards  the  fissure,  which  will  presently  be  described  as 
occipitalis  lateralis  (fig.  27),  ol.  Below  and  in  front  of  this  line  lies  the 
temporo-sphenoidal  lobe. 

It  remains  to  mention  the  island  of  Reil,  which  lies  at  the  bottom  of  the 
Sylvian  fissure  (insula  lteili,  lobus  caudicis,  seu  intermedius  seu  opertus 
sew  centralis,  lobus  insular).  Its  boundaries  are  easily  defined. 

The  following  points  are  to  be  attended  to  in  marking  out  these 
lobes : — 

The  convolution  lying  in  front  of  the  central  fissure  is  sometimes 
reckoned  to  the  parietal  lobe. 

On  the  mesial  surface  the  boundary  between  frontal  and  parietal  lobes 
is  not  marked.  Supposing  the  central  fissure  were  prolonged  over  the 
border  on  to  this  surface,  it  would  divide  a small,  but  most  characteristic, 
lobule  (the  paracentral  lobule)  into  two  parts— a similar  artificial  division 
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of  the  long  convolution  (gyrus  fornicatus)  which  surrounds  the  corpus 
callosum  would  be  necessary.  The  gyrus  fornicatus  is  sometimes  looked 
upon,  as  we  shall  presently  see,  as  a special  lobe. 

By  some  ( Eberdaller  especially)  it  is  denied  that  the  occipital  lobe 
reaches  on  the  convex  surface  so  far  downwards  and  forwards  as  we  have 
described. 

it  must  not  be  forgotten  that  any  division  of  the  hemispheres  into  lobes 
is  artificial,  valuable  only  as  a help  to  localising  spots  on  its  surface ; we 


Fig.  30. — Left  hemisphere,  mesial  surface  {half  nat.  size). — Cell,  Corpus  callosum  ; 
cell,  sulcus  corporis  callosi  ; clc,  fissura  calcariua  ; cllm,  sulcus  ealloso-marginalis  ; 
Cng,  gyrus  cinguli ; Cu,  cuneus  ; Frn,  gyrus  fornicatus  ; Fs,  gyrus  frontalis  sup. ; 
II,  gyrus  hippocampi ; h,  fissura  hippocampi ; I,  isthmus  gyri  fornicati ; Od,  gyrus 
descendens  ; oti,  sulcus  occipito-temporalis  inferior  ; Oil,  gyrus  occipito-temporalis 
lateralis  ; Otm,  gyrus  occipito-temporalis  medialis  ; Parc,  lohulus  paraeentralis  ; 
pare,  sulcus  paraeentralis  ; PF,  frontal  pole  ; PO,  occipital  pole  ; poc,  fissura 
parieto-occipitalis  ; Prcu,  pnecuneus ; PT,  temporal  pole  ; sbp,  sulcus  subparietalis  ; 
U,  uncus.  The  boundary  between  occipital  and  temporal  lobes  is  shown  by  the 
dotted  line,  as  also  in  fig.  27. 


can  easily  overlook  the  faults  which  are  inseparable  from  any  method  of 
delimitation. 

[Although  the  classification  of  the  lobes  of  the  brain  just  discussed  is 
highly  artificial,  and,  like  all  other  attempts  at  mapping  out  the  brain  into 
lobes,  has  no  object  other  than  to  enable  one  to  indicate  with  precision 
localities  upon  its  surface,  it  yet  appeal's  to  the  translator  that  the  brain 
during  its  growth  exhibits  a well-marked  tendency  to  bulge  into  defined 
lobes.  A survey  of  a large  number  of  specimens  from  all  the  orders  of 
mammalia  leads  to  the  conclusion  that  these  natural  lobes  have  a distinct 
morphological,  and,  therefore,  presumably  also  a distinct  physiological  sig- 
nificance. As  shown  in  the  accompanying  diagram,  the  anterior  end  of  the 
cerebral  hemisphere  is  the  part  which  has  the  appearance  of  greatest 
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stability.  The  appearance  of  the  fossa  of  Sylvius  on  the  outer  surface 
seems  to  be  due  to  an  intimate  relation  which  exists  between  the  nucleus 
lenticularis  and  the  overlying  cortex,  whereby  a portion  of  the  surface, 
afterwards  known  as  the  island  of  lieil,  is  fixed  and  prevented  from 
participating  in  the  free  growth  of  the  rest  of  the  hemisphere.  The 
result  of  this  fixation  of  the  floor  of  the  fossa  of  Sylvius  is  a bulging  of 
the  general  surface  of  the  hemisphere  over  the  fossa,  by  which  it  comes  at 
last  to  be  covered  in  at  the  bottom  of  the  ‘fissure’  of  Sylvius.  In  its 
overgrowth  the  surface  exhibits  a lobar  conformation.  The  frontal  lobe 
swells  backwards ; hut  the  growth  of  this  region  is  less  exuberant  than 
that  of  the  rest  of  the  convex  surface.  The  portion  of  the  brain  which 
surrounds  the  crucial  or  central  (Rolandic)  sulcus — the  sigmoid  gyrus  of 
animals — the  ascending  frontal  and  parietal  convolutions  or  operculum 
of  Man,  constitutes  the  most  distinct  of  all  the  lobes  of  the  brain. 
Examination  of  a large  number  of  brains  leads  to  the  conviction  that  the 
crucial  and  central  sulci  are  homologous ; but  the  marking  out  of  the  lobe 


Fig.  31. — Diagram  showing  the  lobation  of  the  cerebrum. — F,  Frontal  lobe;  It,  Rolandic 
lobe  ; 0,  occipital  lobe  ; T,  temporal  lobe  ; I,  island  of  Reil ; Py,  pyriform  lobe 
(uncinate  gyms) ; OB,  olfactory  bulb. 

is  not  affected  by  the  view  taken  upon  this  question.  The  sigmoid  gyrus, 
or  operculum,  as  it  may  well  be  called,  grows  downwards  as  a lappet  which 
overhangs  the  fossa  of  Sylvius.  The  development  of  this  lobe  varies 
distinctly  as  the  force,  rapidity,  and  specialisation  of  movement  exhibited 
by  the  animal.  The  inferior  and  posterior  part  of  the  hemisphere  bulges 
forwards  as  the  temporo- sphenoidal  lobe,  across  or  below  the  fossa  of 
Sylvius,  its  position  depending  upon  the  extent  to  which  this  fossa  is 
overhung  by  the  lobes  already  mentioned.  The  prolongation  backwards 
of  the  posterior  and  superior  part  of  the  hemisphere  as  a natural  lobe  is 
obvious  in  many  animals.  In  the  rabbit,  for  example,  it  assumes  a 
rounded  form,  the  surface  between  the  lobe  and  the  rest  of  the  brain 
being  somewhat  depressed.  In  this  respect  the  brain  of  the  rabbit  con- 
trasts remarkably  with  that  of  the  mole.  These  four  bulgings,  frontal, 
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opercular,  occipital,  and  temporo- sphenoidal,  are  the  largest  and  most 
distinct,  but  they  include  other  less  obvious  elevations.  It  is  very  diffi- 
cult to  say  how  that  portion  of  the  surface  which  lies  behind  the  Rolandic 
and  temporo-sphenoidal  and  in  front  of  the  occipital  lobe  should  be  allo- 
cated, although  there  are  sufficient  indications  of  the  existence  upon  it  of 
other  less  pronounced  swellings. 

Undoubtedly,  the  fissures  are  morphological  landmarks.  They  are 
fixed  in  position  in  relation  to  the  tissue  by  which  they  are  surrounded  5 
but  they  are  not  necessarily  divisions  between  regions  of  different  function. 
More  probably  they  are  centres  of  functional  areas,  e.g.,  the  fissure  of 
Rolando,  the  centre  of  the  motor  region ; the  calcarine  fissure,  the  centre 
of  the  visual  sphere,  etc.  Each  region  of  the  cortex,  in  which  a variable 
function  is  localised,  is  liable  to  variations  in  size  (c/1  figs.  165,  166,  167).] 

I.  Frontal  Lobe. — Three  surfaces  are  to  be  distinguished — lateral, 
mesial,  and  basal.  Since  the  basal  surface  lies  on  the  roof  of  the  orbit,  it 
is  often  termed  ‘ orbital.’  Three  constant  fissures  are  found  on  the  lateral 
surface : — 

(1)  Sulcus  prsecentralis,  prc  + prest  fig.  27  (vertical  frontal  fissure, 
sulcus  prarolandicus),  lies  in  front  of  and  almost  parallel  with  the  central 
fissure. 

(2)  Sulcus  frontalis  superior,  fs ; and 

(3)  Sulcus  frontalis  inferior,  fi,  runs  forwards  from  the  praeeentral 
sulcus,  parallel  with  the  inner  border  of  the  hemisphere. 

The  praeeentral  sulcus,  which  begins  a short  distance  above  the  Sylvian 
fissure,  does  not,  as  a rule,  reach  so  far  as  the  posterior  end  of  the  superior 
frontal  fissure ; a short  fissure,  pres , running  in  the  same  direction,  is, 
however,  always  to  be  found  at  the  hinder  end  of  the  superior  frontal 
fissure,  and  it  may  be  regarded  as  the  continuation  upwards  of  the  pre- 
central, which  is  then  divided  into  two,  sulci  pnecentrales  inferior  et 
superior.  Usually  the  superior  praeeentral  fissure  runs  a little  downwards 
as  well  as  upwards  from  the  superior  frontal. 

Four  convolutions  are  marked  out  by  these  fissures : — 

(1)  Gyrus  centralis  anterior,  Ca  (ascending  frontal,  praeeentral,  premier 
pli  ascendant) ; a convolution  which,  running  parallel  with  the  central 
fissure,  of  which  it  forms  the  anterior  boundary,  traverses  the  whole  of  the 
lateral  surface  of  the  hemisphere  from  the  fissure  of  Sylvius  upwards.  From 
it  there  extend  forwards — 

(2)  Gyrus  frontalis  superior,  Fs  (upper,  first,  or  third  ( Meynert ),  frontal 
convolution,  gyrus  frontalis  marginalia). 

(3)  Gyrus  frontalis  medius,  Fm  (middle  or  second  frontal  convolution). 

(4)  Gyrus  frontalis  inferior,  Fi  (inferior,  third,  or  first  (Meynert),  frontal 
convolution,  pli  surcilier ; on  the  left  side  only,  Broca’s  convolution).  [The 
region  of  the  cortex,  injury  to  which  produces  aphasia,  was  localised  by 
Broca  as  the  back  of  this  convolution  on  the  left  side  at  its  junction  with 
the  ascending  frontal.] 

The  superior  frontal  convolution  includes  the  border  of  the  hemisphere, 
for  it  extends  over  on  to  the  mesial  surface.  Its  lateral  surface  is  often, 
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like  that  of  the  gyrus  frontalis  medius,  complicated  with  a number  of 
shallow  inconstant  fissures.  The  upper  and  lower  portions  of  the  wide 
anterior  surface  of  the  gyrus  frontalis  medius  are  usually  divided  by  an 
uninterrupted  fissure,  the  sulcus  frontalis  medius  of  Ebers  taller,  which  runs 
parallel  to  the  two  frontal  fissures.  Marchand  gives  the  name  of  ‘ oblique 
fissure,’  sulcus  frontalis  obliquus,  to  the  anterior  and  most  deeply  cut  part 
of  it.  A transverse  part  of  the  same  variable  fissure  on  the  border  of  the 
orbit  corresponds  probably  to  Wernicke’s  sulcus  fronto-marginalis. 

The  inferior  frontal  convolution  running  forwards  from  the  lower  end 
of  the  ascending  frontal  winds  round  both  the  anterior  ascending  and  the 
anterior  horizontal  limbs  of  the  fissure  of  Sylvius.  Hence  it  is  divided 
into  three  parts — (a)  pars  opercularis,  Pop , between  the  sulcus  prsecen- 
tralis  and  the  ramus  ascendens  Assume  Sylvii,  usually  divided  by  a diagonal 
fissure,  sulcus  diagonalis  operculi,  into  two  equal  parts,  one  lying  behind 
the  other ; ( b ) pars  triangularis,  Ptr  (cap  de  la  circonvolution  do  Broca), 
between  the  ascending  and  anterior  horizontal  rami ; (c)  pars  orbitalis, 
Porb,  in  front  of  the  horizontal  ramus ; this  latter  properly  belongs  to 
the  orbital  surface  of  the  frontal  lobe. 

‘Connecting -convolutions’  between  the  several  frontal  convolutions 
commonly  complicate  the  survey. 

All  three  frontal  convolutions  are  continued  on  to  the  orbital  surface  of 
the  lobe ; although  the  inferior  frontal  fissure  hardly  ever  reaches,  without 
interruption,  on  to  the  orbital  surface,  as  shown  in  fig.  35.  Here  the 
arrangement  of  fissures  and  convolutions  is  very  inconstant  (fig.  32).  It 
often  happens  that  the  superior  (here  mesial)  and  inferior  (here  lateral) 
frontal  convolutions  run  backwards  as  far  as  the  anterior  perforated  space, 
Spa,  where  they  are  united  together  by  a connecting  piece.  The  middle 
convolution  is  thus  shut  off  from  the  perforated  space  by  the  folding 
together  of  the  other  two.  All  the  fissures  on  the  orbital  surface  unite 
together  to  form  an  H or  an  X,  sulcus  cruciatus,  cr  (orbitalis,  cruciformis, 
triradiatus).  A straight  fissure  which  runs  parallel  with  the  great  horizontal 
fissure  is  always  to  be  seen  on  the  orbital  portion  of  the  superior  frontal 
convolution.  In  this  lies  the  olfactory  tract.  It  is  termed,  therefore,  the 
olfactory  fissure  ( seu  sulcus  rectus),  olf. 

It  is  quite  unjustifiable  to  look  upon  the  orbital  surface  of  the  frontal 
lobe  as  a lobe  proper  (lobus  orbitalis).  The  mesial  surface  of  the  frontal 
lobe  is  better  described  later  on,  in  connection  with  the  mesial  surface  of 
the  other  lobes. 

The  most  anterior  point  of  the  frontal  lobe  is  termed  the  frontal 
pole,  PF. 

2.  Parietal  lobe  presents  a lateral  and  a mesial  surface,  of  which 
only  the  former  will  be  considered  now.  A single  typical  fissure  indents 
this  lobe,  the  intraparietal,  ip,  fig.  27  (sulcus  parietalis,  fissura  parietalis 
cum  f.  paroccipitalis  of  Wilder).  It  commences  behind  the  central  fissure 
and  above  the  fissure  of  Sylvius.  At  first  it  ascends  parallel  to  the  central 
fissure ; it  then  sweeps  backwards  in  a great  curve,  and  finally  crosses  the' 
imaginary  boundary  between  the  parietal  and  occipital  lobes  to  end  in  the 
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latter.  A continuation  of  its  first  portion  ascends  parallel  to  the  central 
fissure  towards  the  border  of  the  hemisphere,  which  it  does  not,  however, 
reach ; so  that,  in  a sense,  a third  transverse  fissure  is  formed  (the  sulci 
preecentralis  et  centralis  being  the  other  two),  which  may  be  called  the  sulcus 
centralis  posterior  (sew  postrolandicus),  pstc.  Interruptions  to  the  course 


PF 


Fig.  32. — Left  hemisphere  from  the  base  (half  nat.  size). — II,  Chiasma  nervorum 
opticorum ; clc,  fissura  calcarine ; or,  sulcus  cruciatus ; Cu,  cuneus ; Fi,  gyrus 
front,  inferior;  fi,  sulcus  frontalis  inferior;  Fw,  gyrus  front,  medius ; Frn,  gyrus 
fornicatus ; Fs,  gyrus  frontalis  superior  ; fs,  sulcus  frontalis  superior ; II,  gyrus 
hippocampi;  I,  isthmus;  Oi,  gyrus  occipitalis  inferior;  olf,  sulcus  olfactorius  ; 
oti,  sulcus  occipito-tcmporalis  inferior ; Otl,  gyrus  occipito-temporalis  lateralis ; 
Otm,  gyrus  occipito-temporalis  medialis ; PF,  frontal  pole ; PO,  occipital  pole  ; 
poc,  fissura  parieto-occipitalis ; PT , temporal  pole  ; Spa,  substantia  perforata 
anterior;  Ti,  gyrus  temporalis  inf.;  ti,  sulcus  temporalis  inferior;  tm,  sulcus 
temporalis  medius  ; trs,  truncus  fissura1  Sylvii ; U,  uncus. 


of  the  intraparietal  fissure  are  very  common,  especially  on  the  right  side. 
In  one-fourth  of  the  total  number  of  cases  the  most  important  interruption 
is  found  in  the  backward  curve,  isolating  the  sulcus  postrolandicus.  A 
short  lateral  branch  (sulcus  parietalis  transversus),  a,  which  passes  towards 
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the  border  of  the  brain,  running  at  the  same  time  backwards,  in  front  of 
the  parieto-occipital  fissure,  is  almost  constant.  Another  fissure,  the  sulcus 
intermedius  (Jensen),  starts  usually  from  the  concave  side  of  the  intra- 
parietal  fissure,  from  which,  however,  it  is  sometimes  separate,  as  in 
fig-  27,  Pi. 

Three  convolutions  are  to  be  distinguished  in  the  parietal  lobe : — 

(1)  Gyrus  centralis  posterior,  Cp  (ascending  parietal,  postrolandicus, 
deuxieme  pli  ascendant),  is  bordered  in  front  by  the  central  fissure. 
Around  the  upper  end  of  this  fissure  it  becomes  continuous  with  the 
anterior  central  convolution  with  which  it  has  been  running  parallel.  Its 
upper  part  is  usually  narrow,  and  therefore  markedly  different  from  the 
broad  upper  part  of  the  anterior  central  convolution. 

(2)  Gyrus  parietalis  superior,  Ps  (lob ulus  parietalis  superior,  prac- 
cuneus,  gyrus  parietalis  primus),  is  that  portion  of  the  parietal  lobe 
which  lies  behind  the  posterior  central  convolution  and  above  the  intra- 
parietal  fissure.  It  extends  over  the  border  of  the  hemisphere  on  to 
the  mesial  surface.  This  portion  of  the  convolution  is  known  as  prac- 
cuneus,  Prcu,  fig.  33. 

(3)  Gyrus  parietalis  inferior,  Pi,  fig.  27  (lobulus  parietalis  inferior, 
lobulus  tuberis,  gyrus  parietalis  secundus),  lying  beneath  the  intraparietal 
fissure,  skirts  around  the  hinder  end  of  the  Sylvian  fissure  (this  portion 
is  called  the  supramarginal  gyrus,  Sm),  and  then  in  a similar  manner 
encloses  the  superior  temporal  fissure  which  lies  below  and  parallel  to 
the  Sylvian  fissure.  This  second  portion  of  the  inferior  parietal  lobule 
is  known  as  the  gyrus  angularis  (pli  courbe),  Ang.  The  sulcus  inter- 
medius forms  the  boundary  line  between  the  gyms  supramarginalis  and 
the  gyrus  angularis.  The  inferior  parietal  convolution  is  by  no  means 
sharply  bounded  on  its  occipital  side.  [There  is  no  other  part  of  the 
hemisphere  the  definition  of  which,  as  a whole,  and  its  division  into  parts 
is  so  difficult  as  the  inferior  parietal  lobule.  Either  of  its  constituent 
convolutions  may  be  cut  into  two  by  the  fissure  which  it  normally  confines. 
Supramarginal  and  angular  convolutions  may  be  simple,  as  in  fig.  27, 
or  folded  so  much  that  their  outline  is  difficult  to  trace.] 

The  inferior  frontal  convolution,  with  the  exception  of  its  orbital 
portion,  together  with  the  united  lower  ends  of  the  two  central  convolu- 
tions and  the  inferior  parietal,  so  far  as  it  lies  over  the  island  of  Reil, 
constitute  the  operculum,  Op  (strictly  speaking,  the  operculum  insula:), 
see  p.  108.  If  the  operculum  be  lifted  up,  or  a frontal  section  made 
through  the  brain,  it  is  seen  that  its  deep  surface,  which  looks  towards 
the  fossa  Sylvii  and  the  temporo-sphenoidal  lobe,  is  marked  by  several 
inconstant  fissures. 

The  mesial  surface  of  the  temporal  lobe  will  be  described  later  on. 

3.  The  Occipital  Lobe. — The  occipital  lobe  has  on  the  whole  the 
form  of  a three-sided  pyramid  with  its  base  resting  upon  the  parietal 
and  temporo-sphenoidal  lobes,  and  its  apex  projecting  as  the  occipital 
pole,  PO.  Hence  we  have  to  distinguish  three  surfaces,  lateral,  mesial, 
and  basal.  At  present  the  lateral  only  will  be  dealt  with. 
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The  fissures  on  the  lateral  surfaces  are  very  inconstant,  the  following 
being  more  easily  found  than  the  rest : — 

( 1 ) Sulcus  occipitalis  transversus,  otr  (hinder  transverse  portion  of  the 
intraparietal  fissure).  It  lies  behind  the  parieto-occipital  fissure,  and  is,  as 
a rule,  continuous  with  the  intraparietal.  It  runs  transversely  across  the 
occipital  lobe  for  a variable  distance,  and  is  to  be  regarded  as  the  analogue 
of  the  conspicuous  fissure  which  occupies  this  situation  in  the  monkey’s 
brain.  It  is  sometimes  altogether  absent. 

(2)  Sulcus  occipitalis  lateralis,  ol  (sulcus  occipitalis  longitudinalis  in- 
feriorV  The  fissure  looks  as  if  it  were  the  prolongation  backwards  of  the 
principal  portion  of  the  upper  temporal  fissure.  It  lies  in  the  line  which 
this  fissure  would  follow  if  prolonged  backwards,  on  the  lower  part  of  the 
occipital  lobe,  nearly  to  the  occipital  pole.  Eberstaller  looks  upon  it  as 
the  inferior  boundary  of  the  occipital  lobe. 

Three  not  always  equally  well-defined  convolutions  converge  towards 
the  occipital  pole — 

(1)  Gyrus  occipitalis  superior,  Os  (gyrus  occipitalis  primus  seu  parieto- 
occipitalis  medialis). 

(2)  Gyrus  occipitalis  medius,  Om  ( seu  secundus). 

(3)  Gyrus  occipitalis  inferior,  Oi  ( seu  tertius,  seu  temporo-occipitalis). 

The  superior  occipital  passes  into  the  superior  parietal  convolution 

through  the  medium  of  a connecting  convolution  which  curves  round 
the  lower  end  of  the  parieto-occipital  fissure  (gyrus  paroccipitalis  of 
Wilder,  premier  pli  de  passage  of  Gratiolet  [first  annectant  convolution 
of  Turner]).  The  middle  convolution  is  the  continuation  of  the  gyrus 
parietalis  superior  (gyrus  angularis).  The  inferior  occipital  ends  by 
joining  with  the  middle,  and  in  part  also  with  the  inferior  temporal 
convolution. 

4.  The  Temporal  Lobe.* — It  presents  a lateral  and  an  inferior 
surface  which  are  continuous  with  one  another  around  the  outer  margin 
of  the  brain.  Four  fissures,  all  sagittal  in  direction,  are  to  be  distin- 
guished. From  the  Sylvian  fissure  downwards  they  are  as  follows : — 

(1)  Sulcus  temporalis  superior,  ts  (parallel  fissure  [superior  temporo- 
sphenoidal  fissure],  sulcus  temporalis  primus),  a very  constant  and  obvious 
fissure.  Its  chief  portion,  portio  horizontalis,  is  directed  straight  back- 
wards towards  the  occipital  lobe ; its  hinder  end,  portio  ascendens,  which 
turns  upwards,  is  surrounded  by  the  gyrus  angularis. 

(2)  Sulcus  temporalis  medius,  tm  (sulcus  temporalis  secundus),  very 
often  interrupted  by  bridging  convolutions. 

(3)  Sulcus  temporalis  inferior,  ti  ( seu  tertius). 

(4)  Sulcus  occipito-temporalis  inferior,  oti  (inferior  longitudinal  fissure, 
fissura  collateralis). 

Of  these  four  the  two  first  are  visible  on  the  lateral  surface  of  the 
brain ; the  remaining  two  belong  to  its  under  surface. 

The  convolutions  on  the  lateral  surface  are  arranged  in  three  parallel 

* In  English  text-books  usually  termed,  lemporo - spheno idal  lobe,  a somewhat  cumbrous 
appellation ■ 
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folds  like  those  of  the  frontal  lobe,  only  more  simply.  In  front,  at  the 
tip  of  the  temporo-sphenoidal  lobe  (extremitas  temporalis,  temporal  pole, 
PT),  these  three  convolutions,  as  well  as  some  of  those  which  lie  on  the 
under  surface,  unite  in  a rounded  dome. 

(1)  Gyrus  temporalis  superior,  Ts  (gyrus  inframarginalis,  parallel 
convolution,  gyrus  temporalis  primus).  This  convolution  forms  the  lower 
boundary  of  the  Sylvian  fissure ; it  is  continued  behind  into  the  inferior 
parietal  lobule. 

If  the  lobes  of  the  brain  are  pulled  apart,  so  that  a view  is  obtained 
of  the  fossa  Sylvii  in  all  its  depth,  it  will  be  seen  that,  just  as  in  the 
case  of  the  under  side  of  the  operculum,  so  also  with  regard  to  the  upper 
surface  of  the  temporo-sphenoidal  lobe  (figs.  19  and  20),  a considerable 
portion  of  cortex,  hitherto  hidden  in  the  fissure,  is  brought  to  light. 
Three,  and  even  in  some  cases  four,  convolutions  are  thus  exposed. 
They  originate  in  the  superior  temporal  convolution  and  converge  back- 
wards towards  the  hinder  angle  of  the  island  of  Reil.  The  most  constant 
and  longest  of  these  gyri  temporales  transversi  ( Heschl ) is  the  anterior, 
Tt  (fig.  19). 

(2)  Gyrus  temporalis  medius,  Trn  (seu  secundus). 

(3)  Gyrus  temporalis  inferior,  Ti  ( seu  tertius),  forms  the  transition 
from  the  lateral  to  the  under  surface  of  the  temporal  lobe. 

(4)  Gyrus  occipito-temporalis  lateralis,  Otl  (gyrus  seu  lobulus  fusi- 
formis),  lying  between  the  sulcus  temporalis  inferior  and  the  sulcus 
temporo-occipitalis  inferior,  is  usually  broadest  in  the  middle,  and,  there- 
fore, more  or  less  spindle-shaped.  It  can  almost  always  be  followed  as 
far  backwards  as  the  occipital  pole,  lienee  it  is  also  an  essential  con- 
stituent of  the  under  surface  of  the  occipital  lobe. 

(5)  Gyrus  occipito-temporalis  medialis,  Otm  (gyrus  seu  lobulus  lin- 
gualis),  between  the  inferior  occipito-temporal  and  the  calcarine  fissures, 
forms  part  of  the  mesial  and  under  surface  of  the  hemisphere.  It  should 
be  looked  upon  as  belonging  to  the  occipital  lobe  alone. 

The  Mesial  Surface  of  the  Hemisphere. — On  this  surface  the 
arched  form  of  the  hemisphere  is  most  conspicuous,  not  only  in  the 
arrangement  of  the  whole  structure,  but  also  in  the  configuration  of  its 
several  constituents. 

The  sagittal  section  of  the  corpus  callosum,  Cell,  fig.  33,  has  the  form 
of  an  arch,  around  which  curves  a convolution  which  commences  beneath 
the  rostrum  of  the  corpus  callosum  on  the  frontal  portion  of  the  mesial 
aspect.  It  is  continued  backwards  over  the  corpus  callosum,  from  which 
the  sulcus  corporis  callosi,  cell,  divides,  passes  beneath  the  splenium,  and 
runs  forwards  even  as  far  as  the  apex  of  the  temporo-sphenoidal  lobe. 
Tins  convolution  is  the  gyrus  fornicatus,  Frn.  It  is  separated  from  the 
corpus  callosum  by  the  sulcus  corporis  callosi,  cell.  It  comprises  two 
portions— (1)  the  part  lying  close  to  the  corpus  callosum,  gyrus  cinguli, 
Gn0  (gyrus  corporis  callosi,  circonvolution  de  l’ourlet,  premiere  convolu- 
tion limbique ; often  this  portion  alone  is  reckoned  as  gyrus  fornicatus) ; 
and  (2)  a free-lying  portion,  gyrus  hippocampi,  H (subiculum  cornu 
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Ammonis,  gyrus  uncinatus,  seconde  convolution  limbique).  The  portion 
of  the  gyrus  fornicatus  in  which  these  two  segments  are  united  is  strik- 
ingly constricted,  I,  isthmus  gyri  fornicati.  Here  the  middle  occipito- 
temporal convolution,  Otm,  becomes  superficial,  while  another  constituent 
of  the  mesial  surface  of  the  hemisphere,  the  cuneus,  Cu,  is  insinuated 
between  it  and  the  gyrus  fornicatus.  It  is  connected  with  the  latter 
by  the  stalk  of  the  cuneus,  PCu,  fig.  22  (pedunculus  cunei).  The 
gyrus  hippocampi  swells  out  considerably  at  the  anterior  part  of  the 
temporo-sphenoidal  lobe,  forming  a hook-like  curve,  U (uncus,  gyrus 
uncinatus).  The  inner  boundary  of  the  arch  which  forms  the  gyrus 
fornicatus  corresponds  approximately  with  the  embryonic  sulcus  arcua- 
tus  [of  Arnold ].  It  is  represented  in  the  region  of  the  gyrus  cinguli 
by  the  sulcus  corporis  callosi,  cell ; in  its  lower  portion  it  corresponds  to 
the  fissura  hippocampi,  h. 

The  fascia  dentata  and  nervi  Lancisii  should  be  included  in  this 
enumeration  as  an  atrophied  convolution. 

Broca  describes  the  gyrus  fornicatus  (with  addition  of  the  olfactory 
tract)  as  a special  lobe,  lobus  limbicus  or  rhinencephalon.  Similarly 
Schwalbe,  on  genetic  grounds,  institutes  his  lobus  falciformis,  which  com- 
prises the  gyrus  fornicatus,  septum  pellucidum,  and  fascia  dentata. 

[In  all  animals,  the  lower  and  anterior  part  of  the  hemisphere  is 
distinguished  from  the  rest  of  the  cortex-covered  cerebrum  by  a pro- 
found difference  in  appearance.  The  roundly-swelling  convoluted  part 
of  the  hemisphere  terminates  at  the  rhinal  fissure.  The  portion  of  the 
hemisphere  below  this  fissure,  known  as  the  pyriform  lobe,  is  flatter 
than  the  rest,  indented  by  blood-vessels,  but  not  fissured,  and  usually 
whiter  in  colour.  In  front  it  tapers  off  into  the  olfactory  tract  and 
bulb.  Behind,  it  suddenly  narrows  into  the  gyrus  fornicatus,  or  first 
convolution  embracing  the  corpus  callosum.  The  size  of  the  pyriform 
lobe  varies  as  the  development  of  the  olfactory  apparatus.  On  the 
other  hand,  the  extent  to  which  it  is  overlapped  by  the  temporal  lobe 
depends  upon  the  size  of  the  latter,  which  is  large  in  osmatic,  small 
in  anosmatic,  animals.  In  Carnivora  the  temporal  lobe  projects  far 
forwards  over  the  pyriform,  the  rhinal  fissure  being  bent  at  an  acute 
angle.  In  Herbivora  the  rhinal  fissure  is  almost  straight,  and  the  pyri- 
form lobe  is  exposed  on  the  lateral  surface  of  the  hemisphere.  In  Man, 
although  this  broad  anatomical  distinction  between  the  pyriform  lobe 
and  the  rest  of  the  hemisphere  is  not  visible,  it  is  easy  to  recognise  in 
the  uncinate  (including  the  gyrus  hippocampi)  the  pyriform  lobe  of 
animals.  The  extreme  anterior  end  of  the  gyrus  fornicatus,  the  “terrain 
desert  ” of  Broca,  resembles  to  some  extent  the  gyrus  uncinatus  in  its 
superficial  aspect,  and  is  also  connected,  apparently,  with  one  of  the  roots 
of  the  olfactory  tract.  It  was  quite  unjustifiable,  however,  to  introduce 
the  gyrus  fornicatus  into  the  connection,  making  one  large  “lobe  lim- 
bique” in  the  “form  of  a racquet,”  since  the  ground  upon  which  this 
was  done,  the  supposed  connection  of  the  limbic  lobe  with  the  sense  of 
smell,  is  at  once  shown  to  be  untenable  by  the  fact  that  in  animals  in 
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which  the  sense  of  smell  is  totally  absent  (marine  mammalia)  the  gyrus 
fornicatus  is  well  developed.] 

The  portion  of  the  mesial  surface  of  the  hemisphere,  to  which  the 
gyrus  fornicatus  does  not  lay  claim,  is  occupied  by  cortical  formations 
belonging  to  the  convolutions  already  described.  These  are  the  convolu- 
tions which,  lying  on  the  border  of  the  hemisphere,  belong  as  well  to  its 
mesial  as  to  its  lateral  and  under  surfaces. 

One  fissure,  sulcus  calloso-marginalis,  dim  (sulcus  fornicatus  seu  fronto- 
parictalis  intemus),  which  commences  below  the  genu  corporis  callosi,  and 


Fig.  33. — Left  hemisphere,  mesial  surface  ( half  not.  size). — Cell,  Corpus  callosum  ; 
cell,  sulcus  corporis  callosi ; clc,  fissura  calcarina ; dim,  sulcus  calloso-marginalis  ; 
Cng,  gyrus  cinguli  ; Cu,  cuneus  ; Fm,  gyrus  fornicatus  ; Fs,  gyrus  frontalis  sup. ; 
If,  gyrus  hippocampi ; h,  fissura  hippocampi ; I,  isthmus  gyri  fornicati  ; Od,  gyrus 
descendens  ; oti,  sulcus  occipito-temporalis  inferior ; Oil,  gyrus  occipito-temporalis 
lateralis  ; Otm,  gyrus  occipito-temporalis  medialis  ; Parc,  lobulus  paraccntralis  ; 
pare,  sulcus  paracentralis ; PF,  frontal  pole ; PO,  occipital  pole  ; poc,  fissura 
parieto-occipitalis  ; Prcu,  praicuneus ; PT,  temporal  pole  ; sbp,  sulcus  sub- 
parietalis ; XJ,  uncus.  The  boundary  between  occipital  and  temporal  lobes  is 
marked  with  a dotted  line. 

forms  an  arch  parallel  with  the  arch  of  the  corpus  callosum,  about  mid- 
way between  it  and  the  border  of  the  hemisphere,  constitutes  the  upper 
boundary  of  the  gyrus  cinguli.  A little  in  front  of  the  splenium  this 
fissure  cuts  its  way  up  to  and  over  the  border  of  the  hemisphere,  appear- 
ing, for  a short  distance,  on  the  lateral  surface,  behind  the  central  fissure 
(which  often  extends  to  the  mesial  surface).  The  characteristic  hook-like 
junction  of  the  two  fissures  is  of  great  service  in  identifying  the  sulcus 
centralis  in  doubtful  cases  ( Eberstaller ).  Above  the  centre  of  the  corpus 
callosum  the  calloso-marginal  fissure  sends  upwards  a short  lateral  branch, 
sulcus  paracentralis,  pare.  After  the  calloso-marginal  fissure  has  turned 
upwards  towards  the  margin,  its  original  arched  direction  is  only  con- 
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tiimed  by  a shallow  depression  or  an  inconstant  fissure,  sulcus  sub- 
parietalis,  sbp. 

Apart  from  the  gyrus  fornicatus  and  fascia  dentata  a number  of 
different  named  areas  are  met  with  on 'the  mesial  surface  of  the  hemi- 
sphere, commencing  at  the  frontal  end  : — 

1.  Gyrus  frontalis  superior  (hero  called  also  circon volution  frontale 
interne),  Fs.  The  first  part  of  it  a wide  area  lying  beneath  the  genu 
corporis  callosi,  is  invariably  cleft  by  a longitudinal  fissure,  sulcus  infra- 
orbitalis  inferior. 

2.  The  loop  of  communication  between  the  upper  ends  of  the  two 
transverse  convolutions,  lobulus  paracentralis,  Parc,  which  reaches  back- 
wards to  the  ascending  portion  of  the  sulcus  calloso-marginalis,  while  its 
anterior  boundary  is  formed  by  the  sulcus  paracentralis. 

3.  Pnecuneus,  Prcu  (lobulus  quadrata,  mesial  surface  of  the  gyrus 
parietalis  superior),  is  a plump  four-sided  piece  of  cortex,  of  about  the 
same  size  as  the  lobulus  paracentralis,  which  extends  as  far  backwards 
as  the  internal  parieto-occipital  fissure.  A fairly  constant  shallow  fissure, 
sulcus  parietalis  trails  versus  ( Bnssaud ),  running  up  from  the  sulcus  sub- 
parietalis,  divides  the  anterior  and  posterior  halves  of  the  praecuneus. 

4.  The  cuneus,  Cu  (lobulus  triangularis,  mesial  surface  of  the  gyrus 
parietalis  superior,  a conspicuous  triangular  portion  of  the  cortex  lying 
between  the  parieto-occipital  and  calcarine  fissures.  The  front  of  the 
wedge  runs  forwards  as  far  as  the  isthmus  fornicatus.  It  is  known  as 
the  pedunculus  cunei,  PCu  (cf.  fig.  33). 

5.  The  gyrus  occipitalis  descendens,  Od,  is  seen  as  a narrow  convolu- 
tion lying  behind  the  bifid  end  of  the  calcarine  fissure  near  the  occipital 
pole.  It  unites  the  cuneus  with 

6.  The  gyrus  occipito-temporalis  medialis,  sew  lingualis,  Otm.  Begin- 
ning at  the  occipital  pole  as  a very  broad  convolution,  it  passes  forward, 
narrowing  as  it  goes,  and  joins  the  gyrus  hippocampi  beneath  the  splenium 
corporis  callosi.  It  occupies  the  greater  part  of  the  basal  surface  of  the 
occipital  lobe.  Another  part  of  it  belongs  to  the  mesial  surface.  It  is 
divided  into  two  segments  by  a constant  longitudinal  fissure,  sulcus  gyri 
lingualis. 

The  Island  of  Reil.— This  region  is  hidden  by  other  portions  of 
the  hemisphere  which  grow  over  it  from  three  sides,  the  three  opercula 
(0.  fronto-orbitale,  sew  ant.,  0.  parieto-frontale,  sew  sup.,  0.  temporale, 
sew  post. ; the  first  two  are  often  called  the  operculum).  The  result  is, 
that  the  island  assumes  the  form  of  a triangular  pyramid,  the  base  of 
which  rests  on  the  brain-stem,  while  its  apex  (pole  of  the  island  of  Reil, 
the  point  on  its  surface  which  projects  farthest  laterally)  is  cut  off  from 
the  rest  of  the  cortex  by  the  sulcus  circularis  Reili.  It  is  only  wanting 
in  front  and  on  the  ventral  side,  where  the  island  is  continuous  with  the 
lamina  perforata  anterior  (limen  insulae),  trs  (fig.  32).  The  island  is 
divided  by  a constant  fissure,  sulcus  centralis  insulae,  which  runs  from 
the  limen  insulae  upwards  and  backwards,  almost  parallel  with  the  sulcus 
Rolandi,  into  a larger  anterior  (pars  frontalis)  and  a smaller  posterior 
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part  (pars  parieto-occipitalis).  Both  parts  arc  split  up  into  a number 
of  convolutions,  gyri  recti  (sea  operti,  sea  breves  insulae),  by  secondary 
fissures,  which  run  in  the  same  general  direction.  Ebevstallev  rcstiicts 
the  name  of  gyri  breves  to  the  three  or  four  convolutions  of  the  antei  ioi 
part,  all  of  which  (except  the  most  anterior)  converge  and  unite  at  the 
pole  of  the  island.  The  longer  convolutions  of  the  posterior  part,  usually 
two  in  number,  pass  downwards  to  the  temporal  pole.  Between  them  lies 
the  sulcus  post-centralis  Reili  ( Cunninyham ).  According  to  Marchand  this 
is  the  first  permanent  fissure  of  the  island  of  Reil,  and  is  distinguishable 
in  the  embryo  at  the  end  of  the  seventh  month. 


The  simple  arrangement  of  convolutions  described  above  is  usually 
masked  by  the  presence  of  numerous  atypical  furrows  and  convolutions; 
hence  it  is  often  difficult  for  an  inexperienced  observer  to  find  his  way 
about  the  surface  of  the  hemisphere  and  pick  out  the  typical  convolu- 
tions from  the  apparent  chaos.  The  first  fissure  to  look  for  is  always 
the  Sylvian,  which  cannot  be  confused  with  any  other.  Next  the  central 
fissure  [of  Rolando ] is  found.  In  looking  for  this  a mistake  might  in 
the  first  moment  be  made.  A good  guide,  however,  is  afforded  by  the 
posterior  transverse  convolution  rapidly  narrowing  in  its  upper  part 
and  bounded  at  the  top  by  the  portion  of  the  calloso-marginal  fissure 
which  turns  over  on  to  the  lateral  surface.  If  now  the  parieto-occipital 
fissure  is  found  as  it  turns  over  the  border  of  the  hemisphere,  a sufficient 
number  of  starting-points  are  determined  to  enable  the  student  to  orient 
the  rest  of  the  surface. 

The  beginner  is  strongly  recommended  to  study  the  convolutions 
and  fissures  in  as  many  brains  as  possible,  in  order  that  he  may  learn 
to  recognise  them  quickly.  As  long  as  the  surface  is  covered  by  pia 
mater  the  fissures  are  extremely  difficult  to  find. 


VARIETIES  AND  ANOMALIES  OF  CONVOLUTION. 

We  have  so  described  the  principal  and  chief  subordinate  fissures  as 
to  make  it  possible  to  find  them  with  more  or  less  ease  in  any  normal 
brain. 

Non-essential  differences  in  the  arrangement  of  the  primary  and 
secondary  fissures,  as  well  as  wide  variations  in  the  course  of  the  tertiary 
fissures,  characterise  individual  brains.  There  are  always  differences 
between  the  two  hemispheres,  and  the  richer  the  brain  in  convolutions 
the  greater  is  the  difference  between  its  two  sides.  Similar  individual 
variations  in  the  arrangement  of  the  convolutions  in  different  individuals 
and  differences  between  the  two  hemispheres  arc  found  in  animals.  In 
them,  too,  variation  increases  with  development. 

The  form  of  the  skull  is  of  great  importance  in  determining  the 
type  of  brain-convolution.  In  dolichocephalic  heads  the  brains  incline. 
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towards  an  exaggeration  of  the  longitudinally  arranged  convolutions  and 
fissures,  while  in  people  with  brachycephalic  skulls  the  transverse  fissures 
and  convolutions  are  dominant.  Early  synostosis  alters  the  arrangement 
of  the  convolutions  in  a similar  manner  ( Zuckerkandl ). 

lor  the  oft  attempted  determination  of  racial  types  (if  any  there  be 
which  are  not  due  merely  to  the  typical  skull-conformation)  the  data 
before  us  are  as  yet  wholly  insufficient. 

One  is  often  tempted  to  assert  that  complexity  in  convolution  keeps 
pace  with  intellectual  power ; such  a connection  is  not,  however,  demon- 
strable in  every  individual  case.  Often  it  seems  possible  to  recognise  a 
conspicuous  development  of  convolutions  to  which  a definite  physiological 
purpose  can  be  assigned  in  individuals  remarkable  for  the  preponderance 
of  the  corresponding  faculties. 

The  best  example  of  this  is  the  inferior  frontal  convolution  of  the 
left  side,  which  is  in  intimate  connection  with  the  faculty  of  speech. 
Riidinger  asserts  that  in  the  brains  of  great  orators  this  convolution 
is  strongly  developed ; in  the  otherwise  exceptionally  small  brain  of 
Gambetta,*  the  pars  triangularis  was  large,  strongly  twisted,  and,  in 
a certain  sense,  doubled  [Duval).  On  the  other  hand  the  pars  opercu- 
laris  may  be  so  slightly  developed,  that  a portion  of  the  island  of  Reil 
is  uncovered  and  exposed  from  the  surface.  Great  pains  have  been 
taken  to  discover  a difference  in  type  of  convolution  in  the  two  sexes, 
but  only  slight  and  inconstant  differences  have  been  discovered  ( Huschlce , 
Wagner , Riidinger).  It  has  been  pointed  out  that  the  frontal  lobe  is 
better  developed  in  the  male.  Posset’s  assertion  that  the  sulcus  centralis 
is  longer  in  the  male  is  contradicted  by  Cunningham.  Eberstaller  has 
proved  by  careful  measurements  that  the  fissura  Sylvii  is  somewhat 
longer  in  the  female  brain. 

All  the  principal  fissures  are  present  in  human  brains  at  the  time  of 
birth,  but  secondary  and  tertiary  fissures  are  still  some  time  from  their 
complete  development  (only  a month  according  to  Sernoff).  The  relation 
of  the  fissures  to  one  another  changes  during  the  growing  period,  some 
parts  of  the  brain  developing  quickly,  others  lagging  behind.  The  measure- 
ment and  comparison  of  the  angle,  in  front,  which  the  two  central  fissures 
make  with  one  another,  has  led  to  conflicting  conclusions  ( Cunningham ). 

If,  as  the  result  of  senile  marasmus,  or  owing  to  other  causes  (chronic 
mental  disease,  for  example),  atrophy  of  the  brain  sets  in,  the  convolutions 
become  narrower,  the  fissures  broader.  Extreme  atrophy  of  single  con- 
volutions, probably  consequent  upon  intra-uterinc  disease,  is  known  as 
microgyry.  In  tumours  or  rare  cases  of  hypertrophy  of  the  brain,  the 
convolutions  are  pressed  up  against  the  bones  of  the  skull  and  flattened. 
When  the  brain,  though  not  actually  hypertrophied,  is  unusually  large,  we 
find  the  convolutions  remarkably  broad.  Small  brains,  on  the  other  hand, 

* [The  report  which  went  the  round  of  the  newspapers  at  the  time  of  Gambetta’s 
death  that  his  brain  was  phenomenally  small,  weighing  no  more  than  1,100  grms., 
seems  to  have  been  a complete  mistake.  Duval's  estimate  of  1,241  grms  has  been 
confirmed  by  Riidinger  and  others.] 
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produce  the  impression  of  being  singularly  rich  in  fissures,  on  account  of 
the  smallness  of  the  spaces  between. 

When  the  fissures  are  conspicuously  increased,  although  they  are  only 
superficial,  the  condition  is  known  as  polygyry.  Occasionally  little  knobs 
of  cortical  substance  project  from  the  surface  of  convolutions,  especially 
the  superior  frontal. 

The  frequency  of  anomalies  in  convolution  is  variously  estimated ; 
some  people  describing  as  an  anomaly  what  is  only  regarded  by  others  as  a 
variation. 

For  example,  it  cannot  be  properly  regarded  as  an  anomaly  when  the 
central  fissure,  which  originates  in  two  parts  ( Cunningham ),  is  divided  into  an 
upper  and  a lower  half  owing  to  the  exceptional  development  of  a convolution 
which  is  almost  always  present  as  the  remnant  of  the  embryonic  bridging 
convolution  (the  posterior  prolongation  of  the  middle  frontal  convolution), 
although  out  of  sight.  The  anterior  central  convolution  is  not  rarely 
interrupted  (especially  in  the  upper  half)  by  a fissure,  more  or  less  deeply 
cut.  It  may  be  present  in  both  hemispheres.  The  sulcus  postcentralis  or 
the  anterior  end  of  the  sulcus  intraparietalis  not  unfrequently  cuts  into  the 
Sylvian  fissure,  but  the  communication  thus  established  is  purely  superficial. 
We  also  not  unfrequently  find  the  calcarine  fissure  bridged  over  by  a con- 
volution ; in  many  cases  this  occurs  twice  in  its  course  (Richter). 

Anomalies,  in  the  strict  sense  of  the  word,  are  extremely  rare.  They 
usually  accompany  congenital  deficiency  of  intellect,  such  as  idiocy  or 
epilepsy.  Many  attempts  have  been  made,  not  always  with  success,  to 
discover  in  these  deviations  from  the  normal  a reversion  to  the  animal 
type  of  brain  (especially  as  observed  in  monkeys). 

More  striking  anomalies  of  the  brain-surface  are  found  as  purely 
teratological  conditions;  for  example,  cyclopia,  associated  in  microcephalic 
brains,  with  absence  of  certain  parts,  as,  for  example,  the  corpus  callosum, 
the  occipital  lobes  (inoccipitia,  Richter ),  or  the  olfactory  lobes  (arrhinen- 
cephalia,  Kundrat ).  Also  as  the  result  of  certain  destructive  pathological 
processes  occurring  either  in  intra-  or  extra-uterine  life;  for  example,  in 
porencephalia  a certain  portion  of  the  surface  of  the  brain  is  absent,  and 
the  ventricle  is  only  separated  from  the  surface  by  the  meninges.  A very 
rare,  but  interesting,  anomaly  in  the  arrangement  of  the  convolutions,  is 
that  condition  in  which  the  two  hemispheres  are  not  completely  separated 
from  one  another,  but  certain  convolutions  bridge  across  the  great  longi- 
tudinal fissure  ( Iladlicli , Wille,  Kundrat,  Arnold,  Turner). 


PHYSIOLOGICAL  MEANING  OF  THE  CONVOLUTIONS. 

Our  exact  knowledge  of  the  topography  of  the  cortex  has  been  acquired 
since  the  time  when  it  was  first  realised  that  the  different  regions  into 
which  it  is  divided  arc  endowed  with  separate  functions.  Some  physio- 
logists still  either  disbelieve  in  localisation  or  only  allow  the  application 
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of  the  law  in  a modified  sense ; but  a long  series  of  successful  clinical 
diagnoses  now  place  beyond  the  reach  of  contradiction  the  fact  that  certain 
regions  of  the  cortex  are  to  a greater  extent  than  the  rest  associated  with 
certain  functions.  Unfortunately  the  facts  elicited  by  clinical  observation 
are  not  in  full  accord  with  the  results  of  experiment.  A full  agreement  as 
to  the  division  of  functions  in  the  cortex  does  not  yet  obtain  amongst  the 
followers  of  the  localisation  theory,  on  which  account  we  shall  content  our- 
selves with  stating  those  points  which  may  be  considered  as  definitely 
settled.  We  shall  take  our  stand  upon  a moderate  localisation,  such  as 
was  first  enunciated  by  Exner. 

Individual  centres  and  cortex-fields  are  not  to  be  considered  as  sharply 
outlined  and  definitely  marked  off’  from  neighbouring  regions ; the  so-called 
centres  are  rather  the  spots  of  maximal  relation  to  functions  which  fade 
away  into  neighbouring  areas.  Hence  it  follows  that  the  cortex-fields  to  a 
certain  extent  overlap  one  another. 

In  the  following  summary  we  shall  speak  of  the  centres  in  this  sense  as 
comprehending  the  spots  of  maximal  physiological  relation. 

The  functions  of  the  gyrus  frontalis  superior  and  medius  are  not 
sufficiently  well  known.  Attempts  have  often  been  made  to  associate  them 
with  the  higher  psychical  function  “intelligence”;  but  no  satisfactory 
proof  of  this  theory  has  yet  been  adduced.  They  suffer  most  in  dementia 
paralytica.  It  is,  however,  certain  that  intellectual  functions  result  from 
the  combined  action  of  the  separate  but  intimately  connected  regions  of 
the  cortex.  It  should  be  strongly  insisted  on  that  no  structural  cause  has 
been  discovered  for  those  higher  psychical  processes  which  lie  beyond  the 
simple  processes  of  sensation  and  movement.  The  gyri  frontalis  inferior, 
centrales  anterior  et  posterior,  the  lobulus  paracentralis,  and  the  anterior 
part  of  the  superior  parietal  lobule,  together  constitute  the  motor  region 
(motor-field  or  sphere).  Here  the  motor  activity  of  the  cortex  is  localised 
to  the  greatest  extent ; it  chiefly  controls  the  muscles  of  the  opposite  side 
of  the  body;  to  a subordinate  degree  those  of  the  same  side  also.  The 
question  of  whether  its  influence  is  exercised  by  direct  or  reflex  action  is 
one  upon  which  I shall  not  enter  here. 

The  centres  of  muscle-sensibility  are  probably  to  be  found  in  this 
region. 

The  groups  of  muscles  represented  in  this  region  may  be  classified  as 
follows : — 

Tongue  muscles  (11,  fig.  34) — lowest  part  of  the  gyrus  centralis 
anterior. 

Mouth  muscles  (12)— immediately  above  the  tongue  muscles. 

Face  muscles  (13,  14)— inferior  portion  of  the  gyrus  centralis  anterior 
(and  posterior  1),  all  but  the  lowest  part. 

Larynx  muscles  (9)  (particularly  those  which  subserve  phonation)— 
lowest  part  of  the  gyrus  frontalis  inferior  where  it  passes  over  into  the 
gyrus  centralis  anterior  (1). 

Muscles  of  the  upper  extremity — middle  part  of  the  gyrus  centralis 
anterior  extending  over  on  to  the  gyrus  centralis  posterior,  probably  in  the 
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following  order  from  below  upwards:  thumb  (7),  forefinger  (6),  other 
fingers  (5),  wrist  (4),  elbow  (3),  shoulder  (2). 

Muscles  of  the  lower  extremity— upper  part  of  both  gyri  centrales, 
lobulus  paracentralis,  and  perhaps  the  anterior  part  of  the  gyrus  parietalis 
superior;  probably  in  the  following  order  from  before  backwards:  hip- 
joint  (20),  knee  (21),  ankle  (22),  great  toe  (23),  other  toes  (24). 

A safe  localisation  of  the  remaining  voluntary  muscles  is  not  yet 
possible.  Schafer  and  Horsley  are  of  opinion  that  the  muscles  of  the 


Fig.  34. — Cortical  localisation  according  to  Dcbord  anil  Achard.  1,  trunk  ; 2,  shoulder  ; 
3,  elbow  ; 4,  wrist ; 5,  three  last  fingers  ; 6,  forefinger  ; 7,  thumb  ; 8,  agraphia  ; 
9,  larynx;  10,  motor  aphasia ; 11,  tongue;  12,  mouth;  13,  lower  facial;  14, 
upper  facial  ; 15,  eye  muscles  ; 16,  sight ; 17,  hearing  ; 18,  taste  ; 19,  joint  move- 
ments of  head  and  eye  ; 20,  hip-joint ; 21,  knee  ; 22,  ankle  ; 23,  great  toe  ; 24, 
smaller  toes. 

trunk  (1)  are  innervated  from  the  part  of  the  marginal  gyrus  in  front  of 
the  paracentral  lobule. 

The  involuntary  muscles  stand,  in  all  probability,  in  no  direct  depend- 
ence on  the  cortex  of  the  brain. 

With  regard  to  the  voluntary  muscles,  it  may  be  laid  down  as  a law 
that  the  more  completely  subject  any  muscle-group  (or  limb)  is  to  the  will, 
the  more  largely  is  it  represented  in  the  cortex  of  the  brain ; and,  on  the 
other  hand,  the  more  a muscle  group  acts  without  the  intervention  of 
consciousness  (that  is  to  say,  reflexively),  the  slighter  is  its  connection 
with  the  cortex  and  the  smaller  the  space  allotted  to  it  therein. 

The  functions  of  a large  part  of  the  parietal  lobe  have  not  yet  been 
cleared  up  (centre  of  the  muscular  sense  1). 

The  occipital  lobe,  its  cuneus  certainly,  and  the  neighbouring  portion  of 
the  parietal  lobe  (that  is  to  say,  the  gyrus  angularis,  Ferrier),  are  connected 
with  the  sense  of  sight  (16).  This  region  is  the  seat  of  sight-perceptions 
for  the  temporal  half  of  the  retina  of  the  same  side,  and  the  nasal  half  of 
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the  retina  of  the  opposite  side.  The  motor  centres  for  the  extrinsic  eye- 
muscles  probably  lie  in  the  anterior  part  of  the  inferior  parietal  lobule 
(according  to  Mott  and  others,  in  the  lower  part  of  the  frontal  lobe). 

The  temporal  lobe  certainly  stands  in  the  same  relation  to  perceptions 
of  sound  (17),  as  the  occipital  lobe  to  perceptions  of  sight;  this  holds  good 
for  the  upper  convolution  and  the  gyri  temporales  transversi,  which  take 
rise  from  it  only  ( Fleclisig ),  or  at  the  most  for  this  and  the  middle  con- 
volution. The  anterior  part  of  the  temporo-sphenoidal  lobe,  especially  the 
region  of  the  uncus  and  the  cornu  Ammonis,  is  intimately  connected  with 
the  olfactory  apparatus,  and  possibly  also  with  the  organs  of  taste.  All  the 
rest  of  this  very  important  region  is,  in  its  physiological  relations,  as  yet 
unexplained. 

The  localisation  of  cutaneous  sensibility  in  the  cortex  of  the  brain  is  as 
yet  very  imperfectly  understood.  A view  often  advanced  is  that  the 
regions  which  supply  nerves  to  certain  muscles  act  also  as  centres  of 
cutaneous  sensibility  to  the  corresponding  parts.  This  is  not  borne  out, 
so  far,  by  clinical  observation  ; for  in  many  cases  of  crossed  paralysis  of  the 
cortex  the  cutaneous  sensibility  is  not  affected  in  any  marked  degree. 
Brissaud  would  account  for  this  circumstance  by  supposing  each  hemi- 
sphere to  receive  tactile  impressions  from  either  side.  According  to  his 
explanation  the  sensory  tract  divides  in  the  centrum  semiovale,  one  part 
proceeding  to  the  cortex  on  the  same  side,  and  the  other  passing  through 
the  splenium  corporis  callosi  to  the  corresponding  region  of  the  farther 
hemisphere.  Charcot  and  Pitres  regard  the  disturbances  of  sensibility 
which,  in  about  a third  of  the  cases,  accompany  cortical  paralysis,  as 
purely  functional,  the  condition  being  analogous  to  hysterical  anaesthesia. 

Horsley  and  Schafer  are  of  opinion  that  the  gyrus  fornicatus  stands  in 
some  relation  to  sensations  of  touch  and  of  pain.  This  would  oblige  us 
to  assume  that  the  various  forms  of  cutaneous  sensibility,  such  as  the 
feeling  of  warmth,  are  connected  with  special  local  centres,  a view  to 
which  clinical  experience  lends  no  support  whatever. 

A number  of  complicated  special  functions  of  the  cortex  appear  to  be 
associated  with  particular  regions,  especially  those  connected  with  the 
faculty  of  speech.  Thus,  motor  aphasia  (10)  is  the  outward  sign  of  a 
disease  of  the  posterior  part  of  the  gyrus  frontalis  on  the  left  side  (Broca’s 
convolution).  Agraphia  (8)  has  been  attributed,  though  with  less  justifica- 
tion, to  the  posterior  part  of  the  gyrus  centralis,  and  word-blindness  (the 
darker  portion  of  16)  to  the  gyrus  angularis. 

It  must  always  be  borne  in  mind  that  a sharp  delimitation  of  the 
cortical  centres  does  not  in  effect  exist,  and  that  such  localisation  can  only 
be  attempted  with  regard  to  motor  and  sensory  processes,  and  cannot 
possibly  be  applied  to  those  which  are  purely  psychical.  Probably 
individual  variations  are  present  in  no  slight  degree.  As  far  as  is  known 
the  portions  of  the  cortex  hidden  away  in  the  fissures  join  in  function  with 
the  superficial  parts. 

With  regard  to  the  fissures,  it  is  not  yet  decided  whether  they  simply 
serve  the  purpose  of  increasing  the  superficial  spread  of  the  cortex,  or  also 
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at  the  same  time  serve  to  mark  out  territories  physiologically  distinct. 
[No  question  in  the  comparative  anatomy  of  the  brain  concerns  the  neuio- 
logist  more  closely  than  the  question  as  to  the  morphological  value  of  the 
fissures.  Are  they  merely  plaitings  of  a shifting  surface,  or  are  they 
definitely  fixed  in  their  topographical  relations  to  the  several  organs  v hich 
the  cortex  comprises!  A study  of  the  development  of  the  fissures  in  the 
brains  of  animals  which  stand  far  apart  in  phylogeny  teaches  that  they 
appear  with  such  regularity  as  to  sequence  and  progressive  extension, 
and  obey  such  definite  rules  as  to  relative  depth  as  would,  in  the  case  of 
other  parts  of  the  body,  justify  us  in  considering  them  as  of  organic 
significance.  The  so-called  fissure  of  Sylvius  is  a boundary  between  organs 
of  different  functions;  but  a true  fissure,  such  as  the  Rolandic  or  the 
calcarine  fissure,  is  more  probably  a centre  of  functional  concentration.] 
According  to  the  views  above  set  forth  the  second  object  could,  owing  to 
the  partial  overlapping  of  the  centres,  be  effected  to  a limited  extent  only 
by  the  fissures. 

This  much  may  be  taken  as  certain — the  Assuring  of  the  cortex  of  the 
great  brain  effects  an  increase  in  its  superficial  area.  The  same  holds  good 
for  the  cerebellar  cortex,  and  in  the  deeper  parts  for  the  convolutions  of 
the  inferior  olive  and  the  corpus  dentatum  cerebelli.  Plaits  of  the 
vascular  pia  mater  extend  into  the  fissures  of  the  cerebrum  and  cere- 
bellum, carrying  thus  to  its  substance  the  greatest  amount  of  nutriment 
possible.  From  this  point  of  view  the  fissures  are  nutrient  in  function 
(./.  Seitz). 

For  all  convolutions  the  law  holds  good  that  the  thinner  the  cortex  the 
narrower  the  convolutions.  Hence  the  occipital  convolutions  are  the 
narrowest  of  those  of  the  great  brain.  The  cerebellar  convolutions  are 
still  narrower. 

There  can  be  no  manner  of  doubt  that  skull-case  and  skull-contents 
mutually  influence  one  another’s  growth,  but  it  would  be  quite  a mistake 
to  trace  the  arrangement  of  the  convolutions  to  the  resistance  offered  by  the 
wall  of  the  skull. 

The  several  regions  of  the  surface  of  the  brain  (and  not  they  alone,  but 
also  its  inner  parts  and  vessels)  have  been  proved  to  stand  topographically 
in  an  invariable  relation  to  the  bones  of  the  skull.  Consequently,  we  are 
able  to  point  out  in  the  exterior  of  the  skull  the  spot  beneath  which  any 
given  part  of  a convolution  is  situate.  This  very  exact  knowledge  of  the 
topography  of  cranium  and  brain  enables  us  to  treat  many  cases  of  localised 
brain  disease  successfully  by  operation,  provided  the  seat  of  the  disease  is 
indicated  by  the  symptoms.  But  in  order  to  make  sure  of  the  course  of 
convolutions  and  fissures  in  the  living  subject,  we  must  first  take  certain 
fixed  and  easily  recognisable  points  (points  de  reperes),  and,  proceeding 
from  these,  determine  by  measurement  and  calculation  the  exact  spot  we 
are  in  search  of.  It  is  obvious  that  these  ‘ points  de  rep&res  ’ ought  to  bo 
such  easily  discoverable  land-marks  as  the  meatus  auditorius  externus  or 
the  inion  (protuberantia  occipitalis  externa).  To  give  the  preference  to 
the  sutures  of  the  skull  is  a great  mistake  from  this  point  of  view,  as  only 
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in  very  rare  cases  can  they  be  folt  distinctly  through  the  scalp.  A detailed 
discussion  in  this  place  of  the  relation  of  the  surface  of  the  skull  to  the 
cerebral  convolutions  would  lead  us  too  far.  The  subject  is  fully  treated 
in  many  text-books,  e.g.,  Chipault’s  Chirurgie  Opcratoire. 


From  the  study  of  the  exterior  conformation  of  the  cerebrum  we  have 
already  gained  some  knowledge  of  the  development  of  the  fissures. 

We  have  seen  that  the  first  to  be  formed 
is  the  fossa  Sylvii.  In  the  third  and 
fourth  months  a few  furrows  appear, 
tending  towards  the  fossa  Sylvii. 
These  disappear  by  the  fifth  month, 
and  must  therefore  be  regarded  as 
transient  primary  fissures.  Of  the 
permanent  primary  (or  total)  fissures 
the  arcuate  (sillon  ammonique,  sulcus 
corporis  callosi,  together  with  fissura 
hippocampi)  appears  in  the  embryo  in 
the  second  month,  the  calcarine  and 
parieto-occipital  fissures  in  the  fourth. 

The  secondary  fissures  develop  dur- 
ing or  after  the  sixth  month,  the  most 
important  being  also  the  first  to  appear 
(sulcus  centralis,  prsecentralis,  inter- 
parietalis,  calloso-marginalis).  Other 
furrows  are  added  in  increasing  num- 
bers, so  that  at  the  time  of  birth  the 
distribution  of  fissures  and  convolu- 
tions is  almost  complete.  According 
to  Semoff  both  fissures  and  convolutions 
have  attained  their  final  form  in  the 
fifth  week  of  post-embryonic  life. 

In  a comparison  of  the  con- 
volutions of  the  brain  in  animals 
only  the  brains  of  mammals  can  be 
taken  into  account,  as  the  cerebrum  of 
the  remaining  classes  exhibits  no  con- 
volutions whatever.  Even  among  the 
mammalia  we  find  some  small  animals  in  which  the  brain  picsents  a 
smooth  or  almost  smooth  surface.  Owen  has  given  the  name  of  ‘lissen- 
cephalous  ’ mammals  to  these,  as  distinct  from  the  ‘ gyrencephalous,  or 
those  in  which  the  brain  exhibits  fissures  and  convolutions.  Within  the 
mammalian  order  the  more  complex  brain  pertains,  as  a rule,  to  the  larger 
animals,  but  the  richness  in  fissures,  like  other  factors,  depends  both  on  the 
size  of  the  animal  and  also  on  its  intelligence  ( Kiueg ).  icie  aic  si 


Fig.  35. — Brain  of  dog  as  seen  from 
above  ( natural  size). — 1,  2,  3,  4,  the 
four  arched  convolutions  ; Bo,  bulbus 
olfactorius ; Cbll,  cerebellum ; cr, 
sulcus  cruciatus ; m,  longitudinal 
fissure  ; msp,  medulla  spinalis ; prs, 
sulcus  prcesylvius ; S,  gyrus  sig- 
moideus  ; sy,  Sylvian  fissure. 
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very  great  difficulties  in  the  way  of  a sound  classification  based  on  the 
relations  of  the  convolutions  to  one  another. 

Starting  from  the  Sylvian  fissure,  we  observe  that  in  most  animals  the 
main  fissures  assume  the  form  of  an  arch,  more  or  less  sharply  curved, 
with  its  axis  oblique  to  the  Sylvian  fissure.  (This  formation  is  especially 
well-defined  in  beasts  of  prey.)  Hence  it  has  been  concluded  that  this  is 
the  original  type  of  convolution  ( Huschhe ).  Against  this  it  may  be 
advanced  that  the  brains  of  the  primates  and  of  Man  bear  only  a somewhat 
remote  resemblance  to  this  supposed  original  type. 

In  beasts  of  prey  we  observe  three  or  four  arcuate  fissures  defining  the 
convolutions  (sometimes  three  in  number,  as  in  Lutra  and  Mustela ; some- 
times four,  as  in  Canis  and  Fclis)  which  curve  round  the  Sylvian  fissure 
(fig.  35,  1,  2,  3,  4).  We  further  observe,  in  the  anterior  part  of  the  brain, 
two  other  fissures  deserving  of  special  mention,  as  both  characteristic  and 
physiologically  important. 

One,  rising  on  the  margin  of  the  mantle,  traverses  the  convex  surface  of 
the  hemisphere  laterally  for  some  distance.  The  corresponding  fissures  of 
the  two  hemispheres  meet  at  right  angles  to  the  longitudinal  fissure, 
forming  a cross,  to  which  it  owes  its  name,  sulcus  cruciatus  (fig.  35,  cr). 
The  name  of  gyrus  sigmoideus  (fig.  35,  S ) has  been  given  to  the  convolu- 
tion which  passes  round  this  fissure  from  the  end  of  the  uppermost  of  the 
arches.  The  second  of  these  noticeable  fissures,  sulcus  prsesylvius  (fig.  35, 
prs),  passes  diagonally  upwards  and  forwards  from  the  fissure  which 
bounds  the  hemisphere  towards  the  lobus  olfactorius.  In  the  figure 
representing  a dog’s  brain  viewed  from  above,  the  anterior  and  upper  end 
of  this  fissure  is  visible  in  front  of  the  gyrus  sigmoideus. 

In  the  brain  of  cetaceans,  which  is  peculiarly  rich  in  fissures,  the  same 
arrangement  of  four  arcuate  convolutions  may  be  traced,  though  com 
plicated  by  numerous  small  irregularities. 


Fig.  36.— Brain  of  Cercopitliccus  ( natural  size). — a (Afienspalte) ; Bo,  bulbus  olfac- 
torius  ; c,  central  fissure  ; Ml,  cerebellum  ; F,  frontal  pole  ; 0,  occipital  pole  ; Up, 
operculum  ; po,  parieto-occipital  fissure  ; s,  Sylvian  fissure  ; T,  temporal  pole. 

In  the  apes  we  are  confronted  with  a singular  state  of  things.  While 
the  brains  of  the  smallest  (Hapalc)  exhibit  an  almost  unfurrowed  surface, 
the  first  thing  we  notice  in  those  of  the  larger  forms  (Cercopitliccus, 
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Cynocephalus,  and  others)  is  a fissure  which  can  be  identified  without 
difficulty  as  the  sulcus  centralis  (fig.  36,  c).  But  the  striking  peculiarity 
of  all,  except  in  the  anthropoid  apes,  is  another  deeply-cut  fissure,  the 
Affenspalte  (fig.  36,  a),  which  defines  the  anterior  boundary  of  the 
occipital  lobe, — in  itself  nearly  destitute  of  convolutions.  Near  the  margin 
of  the  mantle  it  passes  over  into  the  fissura  parieto-occipitalis,  and  so 
might  easily  be  taken  for  the  lateral  part  of  that  fissure  very  strongly 
developed.  As  a matter  of  fact,  however,  it  owes  its  existence  to  the 
bulging  forward  of  the  occipital  lobe,  which  forms  an  easily  lifted  oper- 
culum over  the  deeper  parts  of  the  parietal  lobe  (the  gyri  annectantes  of 
Gratiolet). 

In  the  frontal  lobe,  as  represented  in  fig.  36,  we  see  at  the  top  the 
short  sulcus  frontalis  superior ; below  it  is  the  remarkably  acute  angle  of 
the  sulcus  arcuatus;  lower  still  the  sulcus  rectus,  and  on  the  margin  of  the 
orbital  surface  the  sulcus  orbitalis  lateralis. 

The  brains  of  anthropoid  apes  approximate  in  many  respects  to  the 
human  type. 

Size  and  Weight  of  the  Brain. — The  utmost  that  we  can  expect 
to  gain  from  an  investigation  of  the  size  of  the  brain  is  some  light  upon  its 
capability  of  intellectual  functions.  The  development  of  this  rudi- 
mentary capability  depends  on  various  outward  circumstances,  many  of 
them  merely  social ; and  to  trace  the  effect  of  these  is  beyond  the  scope  of 
even  the  minutest  investigation.  From  this  it  follows  naturally  that  we 
shall  look  in  vain  for  any  exact  agreement  between  intellectual  capacity 
and  the  size  of  the  brain. 

But  there  is  another  and  far  more  important  condition  which  deranges 
a correspondence  wTe  might  naturally  be  disposed  to  take  for  granted.  Of 
two  brains  of  equal  size,  one  may  be  capable  of  producing  work  of  a much 
higher  order  than  the  other,  in  consequence  of  the  greater  accuracy  and 
nicer  adjustment  of  the  interior  structure,  the  more  delicate  construction 
of  the  elements  which  compose  it,  and  their  finer  adaptation  to  their 
several  functions. 

Usually,  it  is  not  the  actual  size  but  the  weight  of  the  brain  which  is 
determined.  The  first  point  to  investigate  is,  therefore,  the  relation  of 
brain-weight  to  intellectual  capacity. 

Before  weighing  the  brain  the  inner  membranes  should  be  removed. 
According  to  Broca  the  average  wTeight  of  these  membranes,  including  the 
serum  contained  in  the  subarachnoidal  spaces,  is  55 -S  grms.  in  the  brains  of 
men  and  48  1 grms.  in  those  of  women.  Morselli  found  the  average  much 
higher  in  cases  of  mental  disease,  even  apart  from  such  as  involved  great 
changes  in  the  meninges.  He  places  it  at  124 '5  grms.  and  93 -3  grms. 

Again,  there  is  no  hard  and  fast  line  between  brain  and  spinal  cord ; 
opinions  differ  slightly  as  to  the  proper  place  for  dividing  them ; nor, 
indeed,  is  it  always  possible  to  hit  upon  exactly  the  same  spot.  This 
makes  a difference  of  several  grammes.  Finally,  a variable  amount  of  the 
fluid  contained  in  the  brain  cavities  flows  out,  causing  a perceptible  differ- 
ence in  the  total  weight. 
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Confining  our  observations  to  the  adult  brain,  we  find  that  its  weight 
averages  1360  grms.  in  men  and  1230  in  women. 

Causes  other  than  sex,  which  should  be  noted  as  exercising  some 
influence  on  the  weight  of  the  brain,  are : age,  height  and  weight  of  the 
body,  race,  and,  finally,  certain  morbid  conditions  which  induce  an  increase 
or  decrease  of  brain-weight. 

With  regard  to  age,  it  has  been  proved  that  the  brain  grows  rapidly  in 
early  life,  and  reaches  the  maximum  point  of  its  development  at  about 
twenty  years  of  age.  It  then  remains  stationary  up  to  sixty  in  men  and 
fifty  in  women.  From  that  period  onward  we  note  a steady  decrease. 

By  ‘ relative  brain-weight  ’ is  meant  the  ratio  of  the  weight  of  the  brain 
to  that  of  the  whole  body.  Thurnam  estimates  it  at  1 to  33  in  men  and 
1 to  31  *9  in  women.  But  according  to  Mies  the  ratio  in  new-born 
children  is  1 to  5-9.  The  brain  is  therefore  relatively  much  heavier  at 
birth  than  in  mature  life.  It  must  not  be  forgotten  that  relative  brain- 
weight  varies  greatly  according  as  the  subject  is  well  or  ill  nourished. 
Thurnam' s figures  can  only  be  accepted  as  applying  to  very  debilitated 
persons ; in  the  healthy  we  may  certainly  assume  the  ratio  to  be  not  lower 
than  1 to  50  or  1 to  60. 

A comparison  of  the  brain-weight  of  different  adults  with  reference  to 
the  height  of  the  body  shows  that  the  increase  of  the  former  does  not  keep 
pace  with  that  of  the  latter.  For  example,  in  men  150  centimeters  in 
height  we  find  the  ratio  to  be  8-7  grms.  of  brain  to  every  centimeter,  while 
in  men  190  centimeters  in  height  it  is  only  7T  grms.  to  the  centimeter. 
At  birth  the  ratio  is  1 grin,  to  1 *35  millimeter  in  boys,  and  1 grm.  to 
every  1 '41  millimeter  in  girls. 

With  regard  to  racial  differences  the  data  before  us  at  present  are 
wholly  insufficient,  and  no  inferences  drawn  from  them  can  pretend  to  be 
conclusive. 

When  the  brain  itself  cannot  be  put  on  the  scales  we  may  gain  a 
tolerably  accurate  idea  of  its  size  by  measuring  the  hollow  of  the  skull ; 
though  I need  hardly  say  that  calculations  of  this  sort  stand  in  need  of 
correction  in  some  respects.  They  enable  us,  however,  to  estimate  the 
brain-weight  of  races  known  to  us  only  by  skulls  in  anthropological 
museums,  and  even  of  races  now  extinct.  Brora  examined  115  twelfth- 
century  skulls  by  this  method  and  found  that  their  capacity  averaged 
1426  cubic  centimeters,  while  the  average  capacity  of  125  nineteenth- 
century  skulls  (of  Parisians  only)  was  1461-5  cubic  centimeters, — that  is  to 
say,  considerably  greater.  From  this  he  infers  a corresponding  increase  of 
brain-weight. 

Few  animals  possess  a brain  heavier  than  that  of  Man. 

The  heaviest  brain  is  that  of  the  whale,  the  brain  of  Balsenoptera 
Sibbaldi  occasionally  attaining,  according  to  Guldberg,  the  weight  of  6700 
grms.  and  more.  The  brain  of  the  elephant  sometimes  weighs  as  much  as 
4000  or  5000  grms.  (according  to  Crisp,  5430  grms.).  In  the  horse,  on 
the  other  hand,  it  weighs  only  from  600  to  680  grms.,  and  in  the  ox  from 
400  to  500.  The  brain-weight  of  the  gorilla  never  exceeds  500  grms. 
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Relative  brain-weight  differs  much  more  widely  in  animals  than  in 
Man.  It  is  not  the  fact  that  Man  possesses  relatively  the  heaviest  brain ; 
some  singing-birds  and  small  apes  surpass  him  in  this  particular. 

Any  attempt  to  discover  a parallelism  between  intellectual  capacity  and 
brain-size,  as  determined  by  weight,  leads  us  to  the  conclusion  that  such 
parallels  can  only  be  admitted  with  the  greatest  reserve. 

The  comparison  of  a large  number  of  brains  undoubtedly  shows  that, 
as  a matter  of  fact,  the  proportion  of  heavy  brains  is  larger  among  men 
engaged  in  intellectual  pursuits,  and  that,  on  the  other  hand,  light  brains 
are  in  the  majority  among  the  lower  uneducated  classes;  but  in  individual 
cases  we  are  as  little  justified  in  regarding  a heavy  brain  as  a sign  of  pre- 
eminent ability  as  in  supposing  that  a light  brain  (so  long  as  it  does  not 
fall  below  a certain  weight)  must  necessarily  go  with  intellectual  inferiority. 
The  brain-weight  of  the  great  statesman  Gambetta  was  only  1100  grms. 
[1241  grms.,  sec  p.  110],  while,  on  the  other  hand,  there  are  three  cases  on 
record  in  which  the  brain  weighed  more  than  2000.  One  of  the  three  was 
that  of  a working  man  of  the  name  of  Rustan  ( Rudolf,  gives  its  weight  as 
2222  grms.,  but  later  calculations  set  it  at  barely  over  2000);  another, 
that  of  the  great  writer  Turgenieff  (2012);  and  the  third,  that  of  a 
man  of  good  social  position  and  moderate  abilities  (about  2028).  In 
one  case  Lorey  found  that  the  brain  of  a boy  of  six  years  old  weighed 
1840  grms. 

The  minimum  weight,  short  of  which  the  brain  cannot  fall  without  a 
marked  enfeeblement  of  the  mental  faculties  (idiocy),  may  be  fixed  at  1000 
grms.  for  men  and  900  for  women.  In  the  case  of  a woman  who  died  in 
an  asylum  at  Vienna  the  brain  was  found  to  weigh  740  grms.,  which  is 
exceptionally  light  for  a half-witted  person  {Hess).  In  idiots  the  brain- 
weight  sometimes  falls  below  300  grms. ; the  lightest  on  record  is  men- 
tioned by  Marshall  as  weighing  241  grms.  That  of  the  idiot  Mottey 
weighed  369  grms. 

We  can,  therefore,  safely  assert  that  a relation  between  brain-weight 
and  intelligence  can  only  be  said  to  exist  in  so  far  as  (generally  speaking) 
the  heavier  brains  arc  found  among  the  more  highly  civilised  races  and  the 
classes  engaged  in  intellectual  pursuits;  and,  also,  that  to  insure  the  normal 
exercise  of  the  psychical  functions  the  brain  must  exceed  a certain  minimum 
weight. 

On  the  ground  that  in  judging  of  intellectual  capacity  the  cortex  alone 
should  be  taken  into  consideration,  attempts  have  been  made  to  ascertain 
the  superficial  area  of  the  brain  by  direct  measurement.  But  since  for 
this  it  is  necessary  to  penetrate  to  the  bottom  of  all  the  fissures  which 
bound  the  convolutions,  the  problem  presented  by  the  human  brain  is  a 
hard  one  to  solve.  Of  all  methods  as  yet  practised,  that  of  Hermann 
Wagner , tedious  as  it  is,  has  yielded  the  most  accurate  results.  The 
whole  surface  of  the  brain  is  covered  with  small  pieces  of  gold-leaf,  which 
are  afterwards  put  together  (or,  in  some  cases,  weighed),  the  total  thus 
representing  the  entire  superficial  area.  In  the  brain  of  Gauss,  the  mathe- 
matician, this  total  amounted  to  221,005  square  millimeters,  or  an  area 
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equal  to  a square  not  quite  half  a meter  long.  Wagner  estimated  the 
total  superficial  area  of  a working  man’s  brain  at  no  more  than  187,672. 

An  exact  knowledge  of  the  weight  of  the  several  parts  of  the  brain 
would  be  of  great  value ; but  as  the  division  is  necessarily  more  or  less 
arbitrary,  the  figures  obtained  by  weighing  them  separately  must  be 
accepted  with  caution.  Meynert’s  very  careful  experiments  have  given  the 
following  ratio  for  cortex,  brain-stem,  and  cerebellum  : — 


He  found  that  the  weight  of  the  cortex  varied  from  1250  grins,  to  570 
gnus.,  of  the  brain-stem  from  168  to  84,  and  of  the  cerebellum  from  180 
to  99. 

It  must  not,  however,  bo  forgotten  that  Meynert’s  calculations  were 
made  only  from  the  brains  of  adult  lunatics. 

The  two  hemispheres  arc  nearly  alike  in  weight,  though  Boyd  and 
others  have  found  that  the  left  is  almost  always  the  heavier  by  a few 
grammes.  The  right  is  said  to  be  the  heavier  in  left-handed  persons 
{Ogle),  and  Lombroso  maintains  that  it  is  so  in  criminals. 

The  element  of  uncertainty  inseparable  from  the  method  of  weighing 
in  parts  is  most  strongly  felt  in  dealing  with  the  cerebrum,  as  we  have 
hardly  any  definite  lines  of  demarcation  to  guide  us  in  subdividing  it  into 
lobes.  [For  reasons  already  stated  (p.  99)  great  errors  may  be  made  by 
accepting  the  fissures  as  delimiting  lines.] 

From  Meynert’s  calculations  we  see  that  in  the  insane  the  lightest 
weight  is  associated  with  dementia  paralytica  or  chronic  alcoholism.  In 
paralytic  imbecility  the  shrinkage  affects  the  cortex  almost  exclusively,  the 
cerebellum  suffering  hardly  any  diminution.  As  I have  mentioned  before, 
the  lightest  brains  of  all  are  found  in  idiots,  among  whom  the  brain-weight 
touches  its  minimum.  Inequalities  of  weight  in  the  two  hemispheres  are 
commoner  in  insane  persons,  and  occasionally  more  considerable.  Any 
difference  that  exceeds  20  grms.  must  certainly  be  regarded  as  abnormal. 

From  experiments  in  weighing  a large  number  of  brains  Pfleger  comes 
to  the  conclusion  that  in  persons  who  have  died  of  chronic  disease  the 
brain  loses  from  two  to  five  per  cent,  of  its  original  weight,  and  that  the 
loss  affects  its  three  main  divisions  almost  equally. 

The  average  weight  of  the  spinal  cord  is  about  28  grms. 

The  specific  gravity  of  the  brain  in  toto  cannot  be  estimated  with 
certainty  by  our  present  methods]  but,  on  the  other  hand,  Sanlcey’s 
method  is  admirable  for  determining  the  specific  gravity  of  small  pieces, 
and  dispenses  with  the  need  of  minute  accuracy  in  the  scales.  Solutions 
of  salts  (sulphate  of  magnesia  is  the  best)  should  be  made  of  varying 
strengths,  from  1'026,  1'028,  etc.,  up  to  about  1'059,  making  fourteen 
solutions  in  all.  A very  small  piece  of  the  part  of  the  brain  to  be 
examined  should  then  be  placed  in  one  of  the  solutions.  If  it  sinks,  its 
specific  gravity  is  higher  than  that  of  the  fluid ; if  it  stays  on  the  top,  it  is 
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less.  \\  hen  it  floats  in  the  fluid  the  proper  degree  of  concentration  has 
been  found.  If,  however,  it  sinks  in  1-034  and  floats  on  1-036  its  specific 
gra\  ity  lies  between  the  two  at  1-035.  The  piece  of  tissue  should  be 
observed  at  the  moment  of  immersion,  and  the  formation  of  adhering  air- 
bubbles  should  be  guarded  against. 

lhe  subjoined  table  gives  the  average  specific  gravity  of  the  several 
parts  of  the  brain  as  computed  from  a large  number  of  cases. 


The  cortex  is  invariably  lightest  in  the  frontal  lobe,  and  heaviest  in  the 
occipital,  the  cortex  of  the  temporal  and  parietal  lobes  standing  halfway 
between.  The  central  medulla  has  the  same  specific  gravity  in  the 
cerebrum  and  the  cerebellum;  the  pons  is  a trifle  heavier. 

The  specific  gravity  of  the  thalamus  opticus  is  higher  than  that  of  the 
corpus  striatum  ; in  fact,  a greater  richness  in  medulla  always  causes  a rise 
in  specific  gravity.  If  the  thick  cortex  of  an  anterior  frontal  convolution 
be  divided  into  three  equal  layers  their  specific  gravity  from  without 
inwards  will  be  found  to  be  1 *028,  1 -034,  l-036. 

The  innermost  layer,  permeated  with  the  coarse  radial  fibres,  is  thus 
seen  to  be  the  heaviest.  In  the  middle  layer  the  radial  fibres  are  still 
abundant,  while  it  is  evident  that  in  the  outermost  layer  the  tangential 
fibres  are  too  thinly  spread  to  compensate  for  the  lack  of  radial  fibres. 

To  obtain  an  accurate  idea  of  the  effect  of  various  circumstances,  such 
as  age,  sickness,  etc.,  on  the  specific  gravity  of  the  brain  and  its  component 
parts,  a very  lengthy  series  of  observations  would  be  necessary.  As  the 
specific  gravity  of  the  blood,  however,  is  higher  than  that  of  the  brain 
(1-055),  we  may  assume  that  a hypereemie  brain  will  have  a higher  specific 
gravity  than  an  anaemic  one. 
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SECTION  III.— HISTOLOGICAL  ELEMENTS  OF  THE 
CENTRAL  NERVOUS  SYSTEM. 


For  a right  apprehension  of  the  structure  of  the  central  nervous  system 
a knowledge  of  all  the  elements  of  which  it  is  composed  is  absolutely 
necessary. 

It  is  not  exclusively  composed  of  nervous  elements ; indeed  these  are 
enfolded  in  a network  of  other  structures  which  serve  for  their  nutrition 
and  support. 

The  investigations  of  the  last  few  years  have  profoundly  modified  our 
conception  of  the  value  of  the  histological  elements  of  the  nervous  system. 
Conflicting  opinions  are  still  held  on  many  points  of  primary  importance, 
which  can  only  be  decided  by  further  investigation. 

The  following  is  a summary  of  all  the  different  kinds  of  tissue  met  with 
in  the  central  nervous  system,  of  each  of  which  we  shall  have  later  on  to 
give  a detailed  account : — 

A.  Tissue  ectodermal  in  origin. 

1.  Nervous  constituents : (a.)  Nerve-fibres. 

(b.)  Nerve-cells. 

2.  Non-nervous  constituents : (a.)  Epithelia. 

(6.)  Neurogleia. 

B.  Tissue  mesodermal  in  origin. 

1.  Connective  tissue. 

2.  Vessels. 

A.  TISSUES  OF  ECTODERMAL  ORIGIN. 

i.  NERVOUS  CONSTITUENTS. 

The  two  main  constituents  which  come  under  this  head  are  treated 
separately  for  the  sake  of  convenience  only.  As  a matter  of  fact,  each 
nerve-fibre  with  its  appertaining  cell  forms  a separate  histological  unit. 
The  results  of  the  most  recent  investigation  constrain  us  to  regard  each 
cell,  together  with  the  fibre  that  starts  from  it,  as  a histological  entity,  a 
nerve  unit,  which  has  been  variously  named  neuron  ( Waldcyer),  neuro- 
dendron ( Kolliker ),  or  neura  (Hauler).  (Fig.  37.) 
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The  accompanying  diagram  shows  a nerve-cell,  (I.)  from  which  a nerve- 
fibre  (II.)  takes  rise,  starting  from  a process,  a (the  axis-cylinder  process). 
The  fibre  ramifies  at  the  farther  end,  splitting  up  finally  into  a number  of 
fine  branches  which  compose  the  arborescent  system,  III.  We  further  see 
a number  of  other  much-ramified  processes,  p (the  protoplasmic  processes), 


Fig.  37.— Diagram  of  a nerve-unit  (neuron). — /.,  the  nerve-cell;  p,  protoplasmic 
processes;  a,  axis-cylinder  process;  II.,  nerve-fibre  with  collaterals  (c)  ; HI., 
arborescent  system. 

in  connection  with  the  cell,  and  side-branches,  c (the  collaterals)  given  off 
from  the  nerve-fibre.  The  combination  of  all  these  parts  forms  a neuron, 
which  is,  histogenetically,  a unit. 

The  relations  of  the  neurons  to  one  another  and  to  the  other  tissues 
must  be  treated  of  later. 

(«.)  NERVE-FIBRES. 

We  shall  soon  see  that  we  must  distinguish  several  kinds  of  nerve-fibre ; 
there  is,  however,  one  histological  constituent,  the  axis-cylinder,  common 
to  them  all,  for  its  presence  is  characteristic  of  a nerve-fibre.  The  axis- 
cylinder  can  only  with  difficulty  be  seen  in  fresh  peripheral  nerve-fibres. 
It  is  only  distinct  after  the  action  of  various  reagents ; so  that  for  a time 
people  doubted  its  existence  in  the  living  fibre,  and  took  it  to  be  an 
artificial  product. 

There  are  various  methods  for  bringing  out  the  axis-cylinder.  A fresh 
nerve  should  be  taken  from  a recently  killed  animal — for  example,  the 
sciatic  nerve  of  a frog  serves  particularly  well  on  account  of  its  large  fibres ; 
a part  is  finely  teased  as  quickly  as  may  be  without  the  addition  of 
anything  except  a little  serum,  placed  on  a slide,  care  being  taken  that 
the  individual  fibres  are  long  and  spread  straight  out.  Afterwards 
collodion  is  put  round  the  preparation,  and  it  is  covered  with  a cover-slip. 
The  axis-cylinders  are  then  seen  as  darker  bands  traversing  the  centre  of 
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the  fibres ; such  a preparation  can  only  be  kept  a short  time.  Or  the 
nerve-fibres  may  be  teased  in  lianvier’s  l alcohol  (two  parts  of  water  to  one 
of  90  per  cent,  alcohol). 

If  a coarsely-teased  piece  of  fresh  nerve  is  laid  for  twenty-four  hours  in 
a weak  solution  of  perosmic  acid  (0T  per  cent.),  and  then,  after  washing, 
more  finely  teased,  a preparation  is  made  which  shows  the  axis-cylinder  as 
a central  clear  band,  as  well  as  various  other  details  of  structure  presently 
to  be  described.  Such  fibres  can  afterwards  be  coloured  with  picrocarmine, 
fuchsin,  and  other  reagents. 

In  preparations  of  sections  cut  from  a spinal  cord  or  medulla  oblongata 
hardened  in  bichromate  of  potassium  and  stained  in  carmine,  the  nerve- 
fibres  show  either  longitudinally  or  transversely,  according  to  the  plane  of 
the  section,  with  the  axis-cylinders  clearly  defined  in  red  (fig.  38).  Peri- 
pheral nerve-stems  can  be  treated  in  the  same  way  or  teased. 


b 

Fig.  38. — Cross-section  from  the  anterior  columns  of  the  spinal  cord,  stained  in  carmine. 
Magn.  150  diam. — a,  Peripheral  grey  cortex  layer  ; b,  smaller  septum.  In  the 
medullary  substance,  besides  the  cross-sections  of  larger  and  smaller  medullated 
fibres,  three  distinct  stellate  connective-tissue  cells  are  seen  ; one  of  these  is 
indicated  by  the  letter  c. 

By  these  methods  the  axis-cylinder  appears  as  an  almost  homogeneous 
band,  which  presents  numerous  curves  and  irregularities  due  to  the  methods 
employed  for  hardening.  Fleischl  says  that  the  axis-cylinder  is  better  pre- 
served in  fibres  hardened  in  alcohol. 

By  employing  other  reagents,  further  details  in  the  structure  of  the 
axis-cylinder  may  be  brought  to  light.  It  can  be  resolved  into  a hollow 
membrane  ‘ axis-cylinder-sheath  ’ filled  with  stiff  protoplasm,  or,  according 
to  others,  with  fluid  protoplasm,  in  which  a number  of  exceedingly  fine 
fibres  are  included  (primitive  fibrillae).  The  number  of  these  fibrillae 
depends  upon  the  thickness  of  the  axis-cylinder.  Kupffer  counted  over  a 
hundred  in  the  thicker  fibres  of  the  frog’s  sciatic  nerve ; their  diameter 
(which  varies  very  considerably)  is  nearly  always  so  inconsiderable  that  it 
is  impossible  to  measure  them,  even  when  very  highly  magnified.  In  the 
centre  of  the  axis-cylinder  these  fibrilloe  are  mostly  closely  packed,  while  the 
peripheral  part  often  appears  destitute  of  fibrillae.  The  large  nerve-fibres 
in  the  abdominal  cord  of  the  crayfish,  examined  in  a drop  of  the  animal’s 
blood,  show  these  bundles  of  fibrillae  as  a central  fasciculus  ( Remak , Freud). 
After  maceration  of  fresh  nerve-fibres  in  weak  chromic  acid,  the  fibrillar 
structure  of  the  axis-cylinder  becomes  sometimes  distinctly  visible.  For 
permanent  preparations  Kupffer  recommends  the  following  method.  The 
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nerve  is  fixed  in  a condition  of  physiological  extension,  v hicli  can  be  accom- 
plished (as  suggested  by  Ranvier)  in  the  following  manner The  nerve  is 
fastened  by  means  of  a ligature  at  cither  end  to  a little  rod  of  wood  {e.g., 
a match)  which  has  previously  been  cut  thin  at  the  middle.  Ner\  e and 
wood  arc  then  laid  for  two  hours  in  a 0'5  per  cent,  osmic  acid  solution, 
washed  for  two  hours  in  distilled  water,  and  then  placed  from  one  to  two 
days  in  a strong  watery  solution  of  acid  fuchsin.  Jacobi  finds  that  a con- 
centrated solution  of  Bismarck-brown  used  in 
the  same  way  yields  better  results.  After  that, 
it  is  washed  for  six  to  twelve  hours  in  absolute 
alcohol,  cleared  in  clove-oil,  embedded  in  paraffin 
(maintained  for  twenty-four  hours  just  above  its 
melting-point),  and  after  that  cut  in  longitudinal 
and  cross-sections.  Such  preparations  show  the 
primitive  fibrillse  in  an  otherwise  uncoloured  axis- 
cylinder.  At  those  particular  spots  in  the  nerve, 
which  we  shall  know  later  on  as  Ranvier’s  nodes, 
the  individual  fibrillse  come  close  together 
( Boveri ).  The  theory  of  the  existence  of  primi- 

tive fibrillai  has  been  maintained  with  remark- 
able acumen  of  late  by  Apathy.  I shall  return 
to  the  consideration  of  this  point,  as  well  as  to 
Held’s  view,  at  a later  stage.  Several  other 
modern  observers  see  a fine  network,  a kind  of 
connective  tissue,  extending  through  the  whole 
axis-cylinder.  According  to  one  view  (AT. 

Joseph),  the  course  of  the  fibrilke  lies  through 
this  tissue ; according  to  another,  there  are  no 
fibrilke  at  all,  and  the  connective  tissue  itself  is 
to  be  regarded  as  a contractile  substance  ( Heitz - 
mann). 

Leydig  and  Nansen  (with  whom  Retzius  in 
some  measure  agrees)  give  a totally  different 
account  of  the  structure  of  the  axis-cylinder. 

They  look  upon  it  as  made  of  a large  number 
of  closely  packed  ‘ primitive  tubes  ’ ; these 
cylindrical  tubes  consist  of  an  extremely  fine 
(spongioplasm)  and  viscous  contents  (hyaloplasm) 
the  ‘primitive  fibrillse’  are  an  illusory  appearance  produced  by  the 
thickened  parts  of  the  spongioplasm ; and  the  constituent  of  highest 
physiological  importance  in  the  axis-cylinder  is  to  be  sought,  not  in  these 
supposed  fibrillse,  but  in  the  fluid,  which  was  formerly  thought  to  serve  for 
filling  the  interstices  between  them. 

If  small  pieces  of  the  spinal  cord  of  a recently-killed  animal  arc  left  for 
eight  to  fourteen  days  in  a weak  solution  of  silver  nitrate  (1  in  400)  in  the 
dark,  washed  in  water,  and  then,  after  teasing,  exposed  for  a short  time  to 
daylight  in  a drop  of  glycerin  and  distilled  water,  many  axis-cylinders 

I 


Fig.  39.  — Medullated  peri- 
pheral fibre.  Hardened  in 
polassic  bichroinate,  stained 
in  carmine  ; teased.  Magn. 
200. — a,  Axis-cylinder  ; b, 
Ranvier’s  node  ; c,  nucleus 
of  Schwann’s  sheath. 

connective-tissue  sheath 
. According  to  this  view, 


are 


130 


THE  AXIS-CYLINDER. 


met  with  amongst  its  fibres,  which  for  some  part  of  their  course  appear 
coloured  brown  by  the  silver,  owing  to  their  being  divested  of  their  medul- 
lary sheath.  On  close  observation  it  is  seen  that  this  coloration  is  not 
continuous  for  the  most  part,  but  made  up  of  a succession  of  darker  and 
lighter  cross-bands.  The  width  of  these  bands  varies  from  1 to  4 /a;  on 
any  small  piece  of  the  axis-cylinder,  it  is,  however,  regular,  the  cross  stripes 
being  in  strong  contrast  with  the  longitudinal  striation  which  the  former 
methods  have  shown  us. 

This  brown  coloration  with  silver  nitrate  looks  as  if  it  affected  the  axis- 
cylinder  itself ; as  a matter  of  fact,  however,  it  colours  a delicate  membrane 
investing  the  tube  in  which  the  axis-cylinder  substance,  with  its  primitive 


Fig.  40. — Peripheral  nerve- 
fibres  of  the  frog.  Per- 
osmic  acid  and  Bismarck- 
brown.  Magn.  1000. — 

a , Longitudinal  section  ; 

b,  cross-section. 
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Fig.  41. — Axis-cylinder  of  a 
fibre  from  the  white  sub- 
stance of  the  spinal  cord. 
Its  sheath  stained  with 
silver  nitrate  exhibits 
Frommann’s  stripes.  At 
a the  axis  - cylinder  is 
naked.  Magn.  400. 
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Fig.  42. — A fresh  medul- 
lated  nerve-fibre  from 
the  sciatic  of  the  frog. 
Magn.  200.  Commenc- 
ing coagulation  of  the 
myelin. — a,  The  axis- 
cylinder  projecting  free  ; 
b,  escaping  drops  of 
myelin. 


fibrillre,  is  contained— axis-cylinder  sheath.  Often  one  sees  the  un- 
coloured coagulated  axis-cylinder  projecting  for  some  distance  out  of  its 
brown  sheath.  A striation,  which  marks  the  silver-stained  sheath,  first 
described  by  Frommann — hence  known  as  Frommann’s  cross  bands — is 
found  not  only  in  peripheral  nerves,  but  also  in  the  not  yet  medullated 
fibres  of  the  spinal  cord  of  new-born  animals.  As  it  is  also  found  in  the 
adventitia  of  the  vessels  and  other  non-nervous  tissues,  it  cannot  be  regarded 
as  in  any  sense  characteristic  of  the  axis-cylinder  (Ball,  A.  Fiscliel).  The 
phenomenon  belongs  to  the  province  of  physics  rather  than  to  that  of 
histology.  The  axis-cylinder-sheath  is  in  most  nerve-fibres  surrounded  by 
still  other  investments,  by  the  medullary  sheath,  Schwann  s sheath,  and  the 
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fibrillar  sheath  [Henle’s  sheath].  These  three  sheaths  are  found  in  most 
peripheral  nerves,  and  hence  may  next  afford  us  material  for  observation. 

The  medullary  sheath  which  surrounds  the  axis-cylinder-sheath  soon 
begins  to  coagulate,  especially  its  outer  layers,  in  freshly  prepared  nerves, 
producing  the  appearance  characteristic  of  doubly-contoured  nerves  (fig. 
42).  Later  on  the  medulla  coagulates  right  up  to  the  axis-cylinder  in 
globular  masses,  which  greatly  alter  the  appearance  of  the  fibre.  Boll  has 
made  a very  minute  study  of  this  condition.  At  the  cut  ends  of  the 
nerves,  these  coagulation-products  escape  from  the  sheath  of  Schwann  as 
peculiar  rounded  drops  of  various  shape  with  a double  outline. 

With  Gad  and  Heymanns  we  may  assume  that  this  myelin-formation  is 
due  to  maceration-products  in  the  lecithin  present  in  the  medullary  sheath, 
attended  by  the  formation  of  membranes  in  the  precipitate. 

The  greater  number  of  stains,  such  as  carmine,  for  example,  are  absorbed 
but  little  by  the  medullary  sheath,  so  that,  in  most  methods  of  staining, 
this  sheath  is  left  nearly  or  quite  uncoloured.  A transverse  section  of  a 
peripheral  nerve,  or  of  the  white  columns  of  the  spinal  cord,  shows  colour- 
less rings  of  medulla,  usually  stratified  concentrically,  surrounding  coloured 
axis-cylinders.  Sometimes  some  of  these  rings  are  stained  (fig.  38)  in  such 
a way  that  either  the  cross-sections  of  certain  nerves  are  coloured  while 
others  remain  untouched ; or  certain  nerves  show  several  concentric  rings 
of  colour.  This  really  depends,  however,  upon  the  coagulation-process,  and 
not  upon  any  histological  differences  which  might  have  physiological  bear- 
ings. In  longitudinal  sections  many  nerve-fibres  appear  irregularly  tinted, 
since  for  a distance  the  medulla  is  colourless  and  then  again  coloured.  Only 
the  outer  peripheral  part  of  the  myelin  sheath  is  doubly-refracting  (Beeh- 
terew,  Diomedow).  If  this  is  really  the  case  we  must  infer  from  it  a 
radical  difference  in  structure  between  the  outer,  or  peripheral,  and  the 
inner,  or  periaxial,  layers  of  the  medullary  sheath.  The  object  of  several 
methods,  as,  for  instance,  Weigert’s  hsematoxylin  method,  is  to  colour  the 
medullary  sheath. 

Nerve-fibres  which  have  been  placed  for  twenty-four  hours  in  a weak 
solution  of  perosmic  acid  (Ol  to  02  per  cent.),  examined  in  glycerin,  show 
that  the  medullary  sheath  is  not  continuous.  It  is  best  to  maintain  them 
during  this  immersion  in  a condition  of  physiological  extension.  The 
medullary  sheath  is  broken  at  regular  intervals  (1  to  2 mm.  apart  in  the 
frog),  leaving  a space  between  the  segments.  The  myelin  sheath  is  some- 
what enlarged  as  it  approaches  the  interruption,  at  either  side  of  which  it 
ends  while  the  axis-cylinder  extends  across  (fig.  45).  These  gaps  were  first 
described  by  Ranvier,  and  hence  are  known  as  Ranvier’s  nodes  (etrangle- 
ments  annulaires).  They  are  to  be  seen,  although  less  clearly  than  in 
specimens  prepared  as  above,  not  only  in  freshly-prepared  nerves,  but  also 
in  the  living  nerve  in  the  frog’s  lungs  ( Raicitz ).  This  proves  that  they  are 
not  artificial  products. 

These  nodes  break  up  the  fibre  (all  but  the  axis-cylinder)  into  a chain  of 
segments,  to  which  Ranvier  gave  the  name  of  ‘ segments  inter-annulaires.’ 
They  are  not  of  uniform  length,  being  as  a rule  shorter  in  the  thinner 
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nerves  and  towards  the  peripheral  end  of  the  fibre.  Ranvier  estimates 
their  average  length  in  Man  at  about  1-1  mm. 

The  nitrate  of  silver  method  is  of  great  service  in  the  study  of  theso 
nodes. 

A thin  fresh  nerve-fasciculus  is  washed  in  water  and  then  placed  in  a 
solution  of  nitrate  of  silver  (3  in  1000)  for  from  ten  minutes  to  an  hour 
at  most.  It  is  again  washed  in  water,  and  then  examined  in  glycerin.  The 
glycerin  should  replace  the  water  only  by  slow  degrees.  After  exposure  for 
a short  time  to  light  of  ordinary  strength,  such  a nerve-bundle  shows,  under 
a low  power,  numbers  of  black  crosses  occurring  at  intervals  (fig.  44).  The 
meaning  of  these  crosses  is  not  made  out  until  after  teasing  the  fasciculus 
with  needles.  Now  it  is  seen  that  each  cross  consists  of  a vertical  and  a 
horizontal  bar ; the  latter  extends  from  the  periphery  to  the  sheath  of  the 
axis-cylinder,  and  corresponds  to  a silver-impregnated  diaphragm  which 
occupies  the  situation  of  Ranvier’s  node,  separating  the  two  ends  of  the 
medullary  sheath.  It  may  therefore  be  called  the  intermedullary  sheath. 
Through  its  central  aperture  passes  the  axis-cylinder.  Ranvier  called  this 
diaphragm  the  ‘biconical  swelling,’ because  the  middle  part,  which  closely 
invests  the  axis-cylinder,  is  usually  the  thickest.  In  preparations  the  peri- 
pheral part  of  the  diaphragm,  being  thinnest,  is  apt  to  tear  and  to  be  thrust 
more  or  less  away  from  the  situation  of  the  node  by  the  displacement  of  the 
axis-cylinder  within  the  medullary  sheath.  The  vertical  bar  of  the  cross 
depends  upon  the  impregnation  with  silver  of  the  ends  of  the  axis-cylinder 
sheath.  The  farther  from  the  intermedullary  sheath  the  fainter  becomes 
the  transverse  staining  of  the  axis-cylinder.  The  intermedullary  sheath, 
which  is  unstained  by  osmic  acid,  constitutes  a connection  between  Schwann’s 
Sheath  and  the  axis-cylinder  sheath. 

In  osmic  preparations  it  is  further  seen  that  the  medullary  sheath  is 
formed  of  segments  which,  arranged  like  overlapping  funnels,  surround  the 
axis-cylinder.  Such  a segmentation  was  known  to  Stilling,  and  was  again 
described,  simultaneously,  by  Schmidt,  Lantermann,  and  Zaioertlial.  These 
medullary  segments  may  be  products  of  the  method ; but  under  any  cir- 
cumstances their  regular  arrangement  depends  upon  some  pre-existing 
quality  in  the  medulla  which  demands  our  attention. 

Schwann’s  sheath  (membrana  limitans,  external  neurilemma)  is  a 
thin,  delicate,  but  yet  firm  membrane,  which  closely  invests  the  medulla ; 
hence  it  is,  as  a rule,  no  more  visible  than  the  axis-cylinder  sheath. 
Schwann’s  sheath  is  exhibited  when,  by  slight  pressure  on  the  glass  cover- 
ing freshly-isolated  peripheral  nerves,  some  of  the  medulla  is  squeezed  out 
from  the  tubes  which  contain  it. 

Golgi,  Rezzonico,  and  others,  have  detected  in  Lantermann’s  constrictions 
peculiar  spirally-arranged  fibres,  to  which  they  ascribed  the  function  of 
supporting  the  medulla.  It  seems  probable  that  these  fibre-cones  have 
no  pre-existence  in  the  living  nerve. 

Etcald  and  Kiihne  base  on  their  digestion-method  (with  pepsin  and 
trypsin)  the  opinion  that  the  whole  myelin  sheath  is  traversed  by  a close- 
set  network  of  homy  substance  (neuro-keratin).  Stilling  had  long  ago  so 
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represented  the  constitution  of  the  fibres.  This  horny  substance  does  not, 
however,  appear  to  exist  in  the  living  nerve.  For  rendering  visible  the 
network  in  the  myelin  sheath  the  method  recommended  by  Flatner  is  a 
good  one.  Thin  fresh  nerve-stems  are  placed  for  several  days  in  a mixture 
of  1 part  liquor  ferri  sesquichloridi  and  4 of  water ; then  well  washed,  and 
transferred  to  a concentrated  solution  of  dinitrosoresorcin  (German  Pharma- 


Fig.  43. — Nerve-fibre  from  the 
sciatic  of  the  frog,  after  treat- 
ment with  osmic  acid.  Magn. 
400. — a,  Ranvier’s  node  ; b, 
nucleus  of  Schwann’s  sheath. 
The  darkly-stained  medullary 
sheath  exhibits  the  clefts  which 
separate  Lantermann’s  cones. 


Fig.  44. — A short  piece  of 
a thin  peripheral  nerve 
treated  with  nitrate  of 
silver.  Magn.  30.  It 
shows  numerous  nodes  of 
Ranvier. 


Fig.  45. — An  isolated 
medullated  fibre 
treated  with  silver 
nitrate.  Magn.  200. 
— a,  a Ranvier’s 

node. 


copoeia)  in  75  per  cent,  alcohol.  After  some  days  the  pieces  will  be  stained 
dark-green  throughout.  They  can  then  be  teased,  or  embedded  for  cutting 
mto  thin  sections.  Lantermann  also  saw  and  represented  a fine  network 
(Lantermann’s  net)  in  the  medullary  sheath,  but  this  must  not  be  identified 
with  the  neuro-keratin  framework  of  Ewald  and  Kiiltne , as  it  becomes 
intensely  black  when  exposed  to  osmic  acid. 

Pciladino  goes  so  far  as  to  think  that  the  whole  myelin  sheath  is  per- 
meated with  fine  fibrilke  connected  with  the  neurogleia  cells. 

Between  each  two  nodes  of  Ranvier,  Schwann’s  sheath  presents  an  oval 
nucleus,  at  either  pole  of  which  lies  a little  granular  protoplasm.  The 
nucleus  occupies  a depression  in  the  medullary  sheath.  Only  in  fishes  are 
se\  oral  nuclei  found  in  a single  internode.  The  nuclei  of  Schwann’s  sheath 
are  best  seen  in  preparations  stained  with  carmine  or  aniline  colours  or 
in  osmic  preparations;  in  the  latter  they  appear  greenish-grey  (figs.  41 
and  45). 

Lastly,  each  fibre  is  loosely  invested  by  a delicate  coat,  the  adventitial 
sheath  (sheath  of  Henle) ; fibrillar  or  perineural  sheath.  It  consists  of 
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a thin  membrane  in  which  delicate  longitudinally-running  fibres  seem  to 
lie  (presumably  plaits  in  the  membrane).  The  nuclei  which  lie  on  this 
sheath  and  stain  out  conspicuously  with  fuchsin  are  regarded  as  belonging 
to  endothelial  cells  which  clothe  the  sheath.  A lymph  space  lies  between 
the  adventitial  sheath  and  Schwann’s  sheath  ; but  probably  the  adventitial 
sheath  is  not  closed  in  completely  on  all  sides. 

[The  endothelial  sheath,  which  invests  the  fibres  and  provides  a bath  of 
lymph  in  which  each  fibre  lies,  is  a specially  modified  Layer  of  the  im- 
mediately contiguous  connective  tissue  cells.  It  is  seen  best  where  it 
surrounds  isolated  fibres,  whether  medullated  or  not  (e.g.,  olfactory  nerves). 
Within  a nerve-fasciculus  it  forms  part  of  the  endoneurium.  In  the 
central  nervous  system  its  place  is  taken  by  neurogleial  tissue.] 

Nerve-fibres  which  possess  all  the  elements  above  mentioned  occur 
exclusively  in  peripheral  nerves. 

Axis-cylinders,  the  essential  elements  in  the  conception  of  nerve-fibres,  are 
found  without  further  investment  in  the  grey  matter  of  the  central  nervous 
system,  and  in  end  organs.  They  are,  for  the  most  part,  very  fine,  and 
may  consist  of  but  a single  primitive  fibril  (fig.  48). 

Axis-cylinders  surrounded  by  an  extremely  thin  membrane,  which  may 
be  regarded  as  the  homologue  of  the  sheath  of  Schwann,  or  possibly  of  the 
sheath  of  Henle,*  but  without  medulla,  compose  the  greater  portion  of  the 
sympathetic  commissural  cords.  In  these  cords,  however,  as  well  as  in  the 
sympathetic  plexus,  not  a few  medullated  fibres  are  to  be  found.  Usually 
their  medullary  sheaths  are  thin.  Numerous  oval  nuclei  are  disposed 
around  the  non-medullated  fibres  with  their  long  axes  in  the  direction  of 
the  fibre.  These  nuclei  belong  to  the  sheath  of  Schwann,  which  lies  so 
close  on  the  axis-cylinder  that  its  membranous  nature  can  be  scarcely 
recognised.  Remak’s  fibres  appear  to  differ  somewhat  in  behaviour 
from  the  axis-cylinders  of  medullated  fibres.  They  may  be  best  com- 
pared, perhaps,  to  the  non-medullated  fibres  in  invertebrates.  It  is 
probable,  too,  that  the  non-medullated  fibres  of  the  olfactory  nerve 
are  not  absolutely  identical  with  those  of  the  sympathetic  ( Tukett ). 
They  frequently  appear  to  divide  and  unite  again  in  plexuses.  This 
appearance  results  from  the  difficulty  of  isolating  the  fibres.  They 
are  supposed  by  Boveri  to  possess  a delicate  analogue  of  a medullary 
sheath,  which,  however,  is  chemically  distinct,  since  it  contains  no 
myelin.  Non-medullated  fibres  are  also  to  be  found  in  varying  number 
in  all  the  peripheral  nerves  of  the  brain.  They  occur  most  frequently  in 
the  nervus  vagus.  Scattered  grey  fibres  are  also  to  be  found  in  all 
the  peripheral  cerebro-spinal  nerves.  To  see  these  fibres  well  the  sym- 

* [The  membranous  sheath  which  surrounds  non-medullated  fibres  and  carries 
numerous  nuclei  on  its  internal  surface  has  been  regarded  usually  as  the  homologue  of 
the  similar  sheath  which  invests  isolated  medullated  fibres  ; the  sheath  of  Ilenle.  It  has 
been  customary,  on  tho  other  hand,  to  look  upon  Schwann’s  sheath  as  a membrane, 
possibly  the  investing  membrane  of  the  myelin  cells,  which  cannot  exist  apart  from  the 
medullary  sheath.] 
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pathetic  nerve  should  be  taken  from  the  neck  of  a living  or  recently  killed 
animal,  placed  in  a weak  solution  of  bichromate  of  potassium  (1  in  200), 
stained  in  carmine,  and  teased  out  (fig.  46). 

A very  good  preparation  can  be  made  by  placing  the  Remak’s  fibi-es 
from  the  nervus  vagus  of  a dog  in  a half  per  cent,  solution  of  osmic  acid  for 
twenty-four  hours.  To  obtain  non-medullated  fibres  in  as  good  condition 
as  possible  they  should  be  taken  from  the  branches  of  the  plexus  caroticus 
which  issue  from  the  ganglion  cervicale  supremum,  or  from  the  nerves  of 
the  sploen.  The  latter  are  the  more  difficult  to  find.  Both  motor  and 
sensory  nerves  at  their  peripheral  ends  lose  first  their  sheath  of  myelin  and 
then  their  sheath  of  Schwann. 

Medullated  fibres  destitute  of  Schwann’s  sheath  arc  also  to  be  found  ; 
all  medullated  fibres  of  the  central  nervous  system  belong  to  this  class. 

They  are  best  seen  after  a small  piece  of  white  matter  from  the  brain  or 
spinal  cord  has  been  placed  for  twenty-four  hours  in  a weak  solution  of 


Fig.  46. — Rcmak’s  fibres 
from  the  sympathetic 
of  the  neck  of  a 
rabbit.  Carmine  stain- 
ing. Magn.  200. 


Fig.  47. — Central  medullated 
nerve-fibre  from  the  brain, 
without  sheath  of  Schwann. 
Magn.  200. 


Fig.  48.  — Very  fine 
varicose  axis-cylinders 
from  the  bulbus  ol- 
factorius  of  the  dog. 
Magn.  400. 


perosmic  acid  (1  in  1000)  and  then  teased.  Such  medidlated  fibres  having 
no  supporting  investment,  do  not  show  a distinct  border  when  they  are 
teased  out  ; but  the  medulla  bulges  (‘  varicose  fibres  ’)  or  breaks  away 
from  the  axis-cylinder,  leaving  it  free  for  a longer  or  shorter  distance 
(fig.  47).  The  central  medullated  fibres  also  possess  Ranvier’s  nodes, 
and  structures  similar  to  the  cones  of  Lantermann,  though  they  are 
very  difficult  to  show. 

The  fine  non-medullated,  as  well  as  the  finest  of  the  medullated  fibres 
which  have  no  sheath  of  Schwann,  show  the  axis-cylinder  beset  with 
little  swellings  (varicose  axis-cylinders).  It  might  be  concluded  from  this 
that  the  finest  axis-cylinders  are  not  invested  with  an  axis-cylinder  sheath 
(fig.  48). 

No  difference  in  structure  between  motor  and  sensory  fibres  has  yet 
been  detected  ; nor  is  it,  as  was  formerly  supposed,  correct  to  say  that 
motor  fibres  are  uniformly  larger  than  sensory ; rather  has  Schwalbe  proved 
that  in  general  those  fibres  are  thickest  which  have  the  longest  course.  So 
far  as  mammals  are  concerned,  it  appears  that  the  fibres  are  larger  in  the 
larger  animals,  a conclusion  in  harmony  with  the  statement  just  made  as  to 


13G 


CAUSES  OF  VARIATIONS  IN  SIZE. 


the  relation  of  diameter  to  length.  This  law,  however,  is  not  universally 
applicable.  Perhaps  the  abnormal  fineness  of  some  nerve-fibres  is  the  cause, 
in  certain  cases,  of  inhibitory  effects,  for  which  an  anatomical  basis  has  been 
imagined  to  explain  the  neuropathic  disposition  (Pick). 

[The  size  of  a nerve-fibre  depends  upon  other  factors  besides  its  length. 
Up  to  a certain  point  it  varies  (in  a motor  fibre)  as  the  size  of  the  muscle- 
fibre  which  it  innervates,  although  in  considering  cases  bearing  upon  this 
rule  the  fact  that  a motor  nerve-fibre  usually  divides  to  supply  a number 
of  muscle-fibres  must  be  taken  into  account.  The  relation  in  number 
between  the  fibres  of  a muscle  and  the  fibres  of  the  nerve  supplying  it  is 
constant  for  each  case,  but  varies  widely  for  different  muscles,  from  1 nerve- 
fibre  to  40  muscle-fibres  in  the  leg,  to  3 nerve-fibres  to  7 muscle-fibres  in 
the  extrinsic  muscles  of  the  eyeball.  Many  more  observations  and  numerous 
corrections  are  necessary  before  the  laws  which  govern  the  size  of  nerve- 
fibres  can  be  formulated.  The  quality  of  its  action  as  well  sis  the  size  of  the 
muscle-fibre  appears  to  influence  the  size  of  the  nerve.  The  fibres  going  to 
the  slowly-acting  red  muscles  of  the  rabbit  are  smaller  than  the  fibres  supply- 
ing the  more  highly  differentiated  white  muscles.  Spinal  motor  and  sensory 
fibres  reach  a diameter  of  about  20  /x  in  the  dog  ( Gaslcell ).  Medullated 
sympathetic  fibres  are  usually  from  2 /x  to  2-5  /x  in  diameter.  At  the  first 
moment  it  might  be  thought  that  the  fibres  supplying  plain  muscle  do  not 
support  the  generalisations  just  made  ; but  it  must  be  remembered  that 
their  disposition  is  very  different  to  that  of  the  motor-fibres  of  striated 
muscle ; instead  of  each  fibre  running  straight  from  its  nutritive  cell  in  the 
spinal  cord  to  its  destination,  it  ends  in  a sympathetic  ganglion  in  a 
‘ distributive  ’ cell  from  which  a large  number  of  fine  non-medullated  fibres 
proceed  to  the  muscle.  It  is  possible  that  in  Auerbach’s  and  Meissner’s 
plexuses  of  the  muscular  coats  of  the  intestine  the  process  of  subdivision  is 
carried  still  further.] 

In  the  spinal  cord  of  many  fishes  a single  conspicuous  fibre  is  to  be  seen 
in  the  anterior  column  on  either  side,  Mauthner's  ‘ colossal  fibre  ’ with  a 
diameter  of  nearly  0T  mm.  So,  too,  in  Malapterurus  electricus  the  fibre 
in  the  spinal  cord  destined  for  the  electric  organ  (also  a single  fibre  on 
either  side)  is  marked  out  by  its  considerable  size.  No  medullated  fibres 
are  found  in  any  invertebrate,  nor  are  they  present  in  cyclostomes  or 
lophobranchii.  Rawitz  has  found,  however,  in  the  nervous  system  of 
acephala)  a substance  which  may  be  ranked  with  myelin ; and  in  the  nerve- 
fibres  of  mussels,  H.  Schultze  found  globules  and  granules  of  a substance 
resembling  myelin  between  the  primitive  fibrilke.  When  treated  with 
osmic  acid  it  turned  black.  So,  too,  in  embryos  of  early  date  all  fibres  arc 
non-medullated ; and  the  fact  that  they  acquire  their  medullary  sheaths  by 
degrees  (in  some  fibres  only  after  birth)  is  the  basis  of  one  of  the  most 
important  of  anatomical  methods. 

The  peripheral  fibres  in  the  puppy,  for  example,  are  already  medullated 
at  birth  ; but  so  unequally  is  the  medullary  sheath  disposed  that  the  fibres 
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look  as  if  varicose  (fig.  49).  Perhaps  the  cause  of  Lantermann’s  cones  is  to 
he  sought  for  in  this  bead-like  deposition  of  medullary  matter. 

The  chemical  composition  of  the  nerve-medulla 
differs  at  birth  and  in  mature  life.  The  medulla  of 
new-born  animals  is  not  darkened  to  the  same  extent 
by  osmic  acid,  and  takes  carmine  and  other  stains 
more  readily.  The  axis-cylinders  are  often  remarkably 
large  at  birth,  and  the  application  of  osmic  acid  gives 
them  a greenish  colour  (A.  Westplial). 

It  may  now  be  regarded  as  certain  that  the  axis- 
cylinder  is  an  unbroken  process  of  a cell,  and  that 
the  cell  is  the  genetic,  nutrient,  and  functional  centre 
of  the  fibre.  The  sheath  of  Schwann  is  probably 
mesodermal  in  origin,  and  must  be  reckoned,  together 
with  its  nuclei,  among  connective-tissue  structures. 

We  have  not  yet  arrived  at  any  clear  idea  of  the 
growth  of  the  medullary  sheath  ; it  does  not  develop 
until  the  axis-cylinder  is  invested  with  the  sheath  of 
Schwann. 

[The  account  of  the  structure  of  nerve-fibres  given 
above  makes  it  quite  clear  that  the  essential  part  of  a 
nerve-fibre,  the  axis-cylinder,  is  an  unbroken  process 
of  an  epiblastic  cell,  the  nerve-cell  in  the  spinal  cord  or  spinal  ganglion. 
Spinal  cord  and  ganglia  were  originally  portions  of  the  epiblast.  The  cord 
is  formed  by  the  involution  of  the  neuro-epithelial  tube.  The  ganglia  arc 
derived  by  delamination  from  rudiments  which  lie  outside  the  rudiment 
for  the  cord.  The  epithelial  cells  of  the  embryonic  cord  throw  out 
processes  which  seek,  down  through  the  mesoblast,  for  the  muscle-fibres 
they  are  destined  to  supply,  or  else  are  elongated  strands  uniting  the  cell 
in  the  cord  with  a sister-cell  in  a sympathetic  ganglion.  The  cells  of  the 
spinal  ganglion  throw  out  a process  on  either  side.  The  distal  process 
seeks  a sensory  cell.  The  proximal  process  works  its  way  into  the  cord 
(Beard).  It  is  almost  impossible  to  suppose  that  the  nerve-filament  finds  its 
muscle-fibre  without  a guide  ; perhaps  the  junction  between  nerve-cell  and 


Fig.  49. — Peripheral 
nerve-fibre  from  a 
new  - bom  puppy, 
partially  surround- 
ed with  myelin. 
Magn.  200. — a,  Nu- 
cleus of  Schwann’s 
sheath. 


muscle-cell  is  effected  very  early,  at  a time  when  they  are  almost  or  quite 
in  contiguity,  and  the  subsequent  elongation  of  the  nerve-fibre  is  duo  to 
the  change  in  situation  of  the  muscle  ; at  present  the  subject  is  beset  with 
difficulties  which  will  only  clear  up  when  fresh  facts  are  brought  to  light. 
What  is  the  origin  of  the  myelin  cells  and  other  cells  by  which  the  axis- 
cylinder  is  ensheathed  1 In  all  probability  the  primitive  neuro-epithelial 
cells  fall  into  two  groups.  Some  become  nerve-cells  ; others,  less  favoured, 
serve  for  their  support.  These  latter,  again,  exhibit  a subdivision  of  labour. 
Some  of  them  acquire  a largo  amount  of  the  fatty  metabolite  myelin,  and, 
applying  themselves  to  the  nerve-fibres  within  the  cerebro-spinal  system,' 
invest  them  with  their  cylindrical  medullary  segments.  The  formation  of 
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the  myelin  sheaths  from  a succession  of  such  cells,  applied  to  the  axis- 
cylinder,  can  be  easily  traced  in  peripheral  fibres.  The  formation  of  the 
myelin  sheaths  of  axial  fibres  has  not  been  observed  as  yet,  but  there  is  no 
reason  to  believe  that  the  process  differs  from  that  observed  in  peripheral 
fibres.  If  this  is  the  case,  the  fibres  of  the  white  columns  of  the  central 
nervous  system  must  exhibit  nodes  of  Ranvier,  a question  which  has  been 
much  disputed.  Boll  and  Kolliker  say  ‘ no.’  ScJiiefferdecker  and  Porter 
describe  and  figure  them.  The  investigation  presents  special  difficulties, 
owing  to  the  weakness  of  the  axial  fibres,  unsupported  as  they  are  by 
sheaths  of  Schwann  ; but,  according  to  Porter , the  nodes  of  Ranvier  can  be 
exhibited  in  small  portions  of  the  white  columns  from  the  neighbourhood 
of  the  anterior  fissures  immersed  for  two  hours  (immediately  after  death) 
in  a mixture  of  a 2 per  cent,  solution  of  osmic  acid  and  1 per  cent,  solution  of 
nitrate  of  silver.  The  specimen  is  washed  for  five  minutes  in  dilute  caustic 
potash,  and  teased  in  dilute  glycerin  (2  parts  of  glycerin  to  1 part  of 
water).  Other  supporting  cells  constitute  the  connective  tissue  of  the 
brain  and  cord,  the  cells  of  Deiters,  or  neurogleia-cells  of  various  kinds. 
Have  the  myelin-cells  of  peripheral  nerves  a similar  epithelial  origin  1 
Vignal  is  inclined  to  answer  this  question  in  the  affirmative.  He  believes 
that  they  emigrate  with  the  axis-cylinder  from  the  central  system.  The 
sheath  of  Schwann  would  seem  to  be  the  outer  cell  membrane  of  the 
myelin-cell ; the  single  nucleus  indicating  that  each  segment  is  formed 
from  one  cell  only.  It  is  difficult,  however,  to  account  for  the  absence  of 
any  such  membrane  around  the  myelin-cells  within  the  cerebro-spinal  axis, 
if  both  within  and  without  the  axis  they  are  derived  from  similar  epithelial 
elements.  It  is  possible  that  the  axis-sheath  is  the  same  cell-membrane  on 
the  incurved  side  of  the  myelin-cell.] 

Pathological  Changes  in  Nerve-fibres. — But  few  alterations  in 
nerve-fibres  due  to  diseases  are  known  as  yet ; methods  are  certainly 
needed  to  enable  us  to  recognise  such  changes.  It  is  also  very  necessary  to 
gain  a clear  understanding  of  the  changes  which  take  place  in  the  healthy 
nerve  after  death,  quite  apart  from  the  coagulation  processes  in  the 
medulla  which  arc  observed  to  follow  immediately  upon  the  destruction  of 
a fibre  within  the  body.  In  twenty-four  hours  the  myelin  is  gone  from 
Ranvier’s  nodes,  and  is  no  longer  homogeneous ; in  most  fibres  it  is  at  the 
end  of  forty-eight  hours  broken  up  into  round  lumps,  while  in  a few  its  place 
is  taken  by  a fine  transparent  granular  substance  (Roster). 

The  most  important  form  of  degeneration  of  a medullated  fibre 
yet  observed,  and  the  one  most  studied  hitherto  in  detail,  is  that  which 
results  when  a peripheral  fibre  is  cut  off  from  the  nerve-centres  (cf.  p.  32). 
The  first  investigations  in  which  this  method  was  used  were  made  by 
A.  Waller,  and  hence  the  process  is  known  as  1 Wallerian  degeneration.’ 
If  a peripheral  nerve  is  cut  across  (the  sciatic  nerve  is  convenient  for  the 
purpose)  one  finds  during  the  interval  between  the  second  and  fourteenth 
day  in  a mammal  (in  cold-blooded  animals  the  changes  occur  more  slowly) 
after  it  has  been  hardened  and  coloured  in  osmic  acid  the  following  changes: 
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at  first  the  myelin  becomes  cloudy,  often  swells  considerably,  and  then 
breaks  up  irregularly.  The  segments  do  not  seem  to  correspond  to 
Lantermann’s  cones.  Later  it  shows  only  scattered  blackened  drops  and 
numerous  colourless  granules,  Schwann’s  sheath  being  filled  out  in  places 
only.  The  protoplasm  and  the  nuclei  appear  to  be  increased.  The  axis- 
cylinder  is  broken  into  a succession  of  detached  pieces  of  different  length, 
often  twisted  or  coiled ; finally  it  disappears  (fig.  50).  In  the  last  stage 
Schwann’s  sheath  alone  survives  to  represent  the  nerve  fibre.  It  looks  like 
a thin  cord  of  connective-tissue  ; scattered  groups  of 
granules  and  a few  myelin  drops  alone  reminding  us 
that  we  have  to  do  with  a tubular  membrane. 

Multiplication  of  nuclei  occurs  by  karyomitosis  at 
first  ( Tcincjl ),  but  in  the  later  stages  the  nuclei 
sometimes  waste  away.  By  the  application  of 
dinitrosoresorciu  we  can  see  that  changes  in  the 
degenerated  nerves  set  in  very  early,  affecting  not 
only  the  myelin  but  also  the  axis-cylinder.  In 
twenty-four  hours  the  axis-cylinder  in  the  nerves 
of  pigeons  looks  in  places  as  if  broken  into  several 
distinct  pieces,  while  in  many  fibres  it  seems  to  have 
decayed  completely  ( Th . Beer).  According  to 
Monakow,  degeneration  of  the  myelin  sheath  sets  in 
throughout  the  whole  length  of  the  peripheral 
portion  at  one  and  the  same  time ; and  the  farther 
from  the  cell  the  point  of  severance  is,  the  more 
quickly  does  the  process  begin. 

As  the  first  result  of  section  of  peripheral  nerves 
the  degeneration  advances,  in  the  peripheral  as  well 
as  in  the  central  segment,  only  as  far  as  the  next 
node  of  Ranvier,  where  it  seems  to  be  stopped  ( Kntjel - 
mann).  While,  however,  in  the  central  stump,  despite 
its  functional  inactivity,  no  further  changes  occur 
for  months,  degeneration  subsequently  proceeds 
rapidly  throughout  the  whole  length  of  the  peri-  j?jg_  50.— Two  fibres 
pheral  portion  of  the  nerve.  from  the  anterior  roots 

In  the  chromo-osmic  method  of  Marchi  (p.  30)  springing  from  a soft- 
we  possess  an  extremely  sensitive  reagent  for  degener-  encc*  spinal  cord, 
ated  nerve-fibres.  One  of  its  great  advantages  is  Magn.  200- 
that  in  the  section  it  reveals  the  degenerated  fibres  in  situ , even  after  the 
tissue  has  been  hardened.  They  can  be  distinguished  by  the  appearance 
of  black  globules  of  varying  size,  which  in  longitudinal  sections  look  as  if 
arranged  in  rows.  This  method  also  shows  very  clearly  that  the  degenera- 
tion extends  to  the  central  stump  of  a severed  nerve.  We  may  fairly 
assume  that  it  will  also  enable  us  to  detect  changes  in  the  myelin  which 
do  not  necessarily  imply  the  ultimate  destruction  of  the  fibre  that  is  to 
say,  changes  from  which  recovery  is  possible. 

Degenerative  processes  in  non-medullated  fibres  are  known 
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in  but  a few  cases,  as,  for  instance,  in  the  fine  fibres  of  the  cornea.  Ranvier 
has  observed  in  the  Remak’s  fibres  of  peripheral  nerves  a multiplication  of 
nuclei  and  the  appearance  of  peculiar  slightly-refracting  granules  as  well  as 
fat  granules. 

The  progress  of  degeneration  within  the  central  nervous  system  when 
fibres  are  cut  off  from  their  centre  appears  to  differ  from  that  occurring  in 
peripheral  nerves  in  certain  essential  points  not  yet  sufficiently  understood. 

While,  for  the  first  two  or  three  weeks,  the  pathological  changes  of  the 
central  organ  affect  the  nerve-fibres  almost  exclusively,  presenting  a passive 
image  of  degenerative  decay,  a process  of  gradually  but  steadily  increasing 
activity  makes  itself  felt  in  the  intervening  tissue ; granular  cells  appear, 
and  multiplication  of  nuclei  and  condensation  of  connective  tissue  occur. 
In  a transverse  section  through  the  part  of  the  brain  or  cord  affected,  the 
nerve-fibres  untouched  by  this  process  are  seen  to  be  isolated  and  dis- 
connected from  one  another.  This  proves  beyond  doubt  that  the  further 
course  of  secondary  degeneration  is  associated  with  a process  of  irritation  in 
the  intervening  tissue,  leading  to  a condensation  and  subsequent  contraction 
of  the  whole  part  affected.  How  this  process  is  inaugurated — whether  by 
irritation  set  up  by  the  decomposition-products  of  the  nerve-fibre,  by 
altered  conditions  of  nutrition,  or  by  change  of  position  consequent  upon 
the  loss  of  the  decayed  nerve  fibres — we  are  not  in  a position  to  state. 

So  far  as  concerns  the  intervening  tissue,  the  histological  process  of 
secondary  degeneration  in  the  white  matter  of  the  brain  does  not  seem  to 
be  the  same  as  in  the  spinal  cord. 

Later,  the  process  of  regeneration  may  be  observed  in  cut  peripheral 
nerve-fibres,  the  first  indications  appearing  in  some  cases  at  the  end  of 
eight  days,  sometimes  much  later — in  two  ro  three  months.  On  the  whole, 
the  central  idea  of  the  process  consists  in  this — the  axis-cylinders  of  the 
central  portions  of  the  cut  nerves  constitute  the  foundations  for  the  newly- 
created  nerve-fibres,  which  grow  through  the  scar  and  enter  the  old  sheaths 
of  Schwann,  several  nerves  often  entering  a single  sheath,  along  which 
their  course  to  the  periphery  is  directed.  At  first  these  newly-formed 
fibres  are  finer  than  the  old  ones,  and  the  distance  between  the  nodes  is  less. 
According  to  Notthaft  the  investment  of  the  new  axis-cylinder  with 
medulla  begins  in  from  ten  to  eleven  days,  and  proceeds  from  the  centre 
outwards.  It  is  not  impossible  that  the  elements  of  the  peripheral  stump, 
especially  the  proliferated  nuclei,  may  take  an  active  part  in  the  rebuilding 
of  the  nerve,  going,  perhaps,  to  form  the  sheath  of  Schwann,  korelew 
describes  the  formation  of  new  nerve-cells  in  the  central  stump  from  which 
new  axis-cylinders  develop  and  extend  towards  the  periphery.  According 
to  Kennedy’s  observations  fresh  axis-cylinders  are  formed  in  the  peripheral 
stump  as  well.  These,  however,  only  attain  complete  development  after 
the  nerve  has  reunited.  A direct  union  of  a cut  nerve  by  ‘ primary 
intention  ’ is  impossible  ( Kraicse ). 

The  regeneration  of  non-mcdullated  fibres  has  been  studied  in  the 
cornea  (F.  Schultz). 

Regeneration  of  fibres  in  the  central  nervous  system  with  restora- 
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tion  of  function  never  occurs,  in  the  higher  animals  at  any  rate. 
While  the  segments  of  a cut  peripheral  nerve  grow  together  again,  a 
cut  central  nerve-tract  is  for  ever  put  out  of  action.  Accordingly,  every  lesion 
of  the  central  nervous  system  must  heal  with  a scar  of  non-nervous  tissue. 

S.  Mayer  has  proved  that  a continual  replacement  of  nerve-fibres  goes 
on  normally  in  peripheral  nerves ; since  fibres  are  always  to  be  met  with 
in  conditions  of  de-  and  re-generation.  This  is  especially  the  case  in 
the  nerves  of  the  brown  rat  (Mus  decumanus) ; but  the  same  holds 
good  of  the  peripheral  nerves  in  man.  Kopp  found  that  in  human 
cutaneous  nerves  the  proportion  of  degenerating  fibres  might  rise  as  high 
as  18  per  cent.  Only  in  the  first  half-year  of  life  are  they  entirely  absent. 
In  advanced  age  and  in  poor  conditions  of  nutrition  the  number  of 
degenerating  fibres,  and  more  especially  of  empty  sheaths,  increases.  In 
pernicious  anaemia  and  similar  grave  de- 
rangements of  nutritive  function,  degenera- 
tion of  the  nerve-fibres  of  the  spinal  cord  is 
frequently  met  with.  On  the  other  hand, 

Teaseller  finds  that  extreme  cachexia  is  not 
accompanied  by  any  corresponding  decay  of 
large  numbers  of  nerve  fibres.  He  admits, 
however,  that  hard  work  and  the  enforced 
activity  of  a nerve  may  favour  such  de- 
generation. 

A peculiar  form  of  disease  to  which 
peripheral  nerves  are  liable  is  segment- 
ary degeneration.  It  was  first  described 
by  Gombault  as  a result  of  lead  poisoning, 
and  afterwards  in  connection  with  alco- 
holic neuritis.  In  these  cases  the  nerve  is 
not  diseased  throughout,  but  only  in  certain 
segments,  which  alternate  with  others  that 
remain  quite  normal.  Further,  the  disease 
affects  only  the  myelin  sheath  and  the  sheath  of  Schwann,  while  the  axis- 
cylinder  appears  at  first,  at  any  rate,  to  remain  intact.  Lastly,  the  products 
of  the  destroyed  myelin  are  not  large  drops,  but  little  groups  of  fatty 
granules.  Later,  the  axis-cylinder  decays,  and  the- final  stage  is  the  same  as 
in  ordinary  Wallerian  degeneration. 

There  is,  besides,  a simple  atrophy  of  the  nerve-fibres,  in  which  they  grow 
thinner,  and  the  myelin  sheath,  which  is  the  part  most  strongly  affected, 
ends  by  disappearing  altogether  ( Kdster ).  This  process  is  often  met  with 
in  fibres  which  have  suffered  no  direct  injury,  but  atrophy  in  consequence 
of  the  destruction  of  the  cell-group  to  which  they  are  anatomically  and 
physiologically  related  (see  Monalmo's  works  on  the  subject).  This  may 
be  rightly  named  ‘ tertiary  atrophy.’ 

Another  form  of  nerve-degeneration  is  associated  with  partial  hyper- 
trophy of  the  axis-cylinder.  This  is  hardly  ever  found  except  in 
central  fibres,  and  is  usually  a sign  of  irritation,  as,  for  instance,  in  myelitic 


Fig.  51.— Several  forms  of  hyper- 
trophic varicosity  of  axis-cylin- 
ders from  softened  foci  in  the 
spinal  cord.  Mcign.  200. 
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and  encephalitic  lesions  ; often,  too,  in  neuro-retinitis  the  optic  fibres  of  the 
retina,  which  are  just  as  well  considered  as  central  fibres,  suffer  beaded 
enlargement.  It  may,  however,  be  set  up  without  any  direct  process  of 
irritation,  merely  by  the  absorption  of  lymph  {Iiumpf).  This  is  known  as 
cedematous  swelling  of  the  nerve  fibre.  It  occurs  in  myelitis,  due  to  com- 
pression. It  is  sometimes  accompanied  by  swelling  of  the  myelin,  and  in 
the  final  stage  we  find  spaces  in  the  transverse  section  corresponding  to  the 
swollen  and  decayed  fibres. 

In  less  severe  conditions  the  axis-cylinder  shows  only  slight  swellings 
(varicose  axis-cylinders,  fig.  51).  In  advanced  stages  it  may  for  a consider- 
able distance  be  swollen  out  to  six  times  its  normal  diameter,  when  it 
usually  begins  to  exhibit  transverse  cleavage.  This  swelling  appears  soon 
after  the  irritation  is  set  up.  In  a man  suffering  from  a gunshot  wound 
in  the  spinal  cord  Charcot  observed  it  twelve  hours  after  the  infliction  of 
the  injury.  In  the  foci  of  disseminated  sclerosis  the  axis-cylinders  often 
present  perceptible  swellings  (K.  Hess).  Fine  granules  of  fat,  usually 
arranged  longitudinally,  are  often  found  in  the  enlarged  pieces;  their 
presence  places  beyond  a doubt  the  degenerative  character  of  the  process. 
In  fibres  presenting  this  inflammatory  change  the  separate  swellings  of  the 
axis-cylinder  may  be  so  charged  with  fat  granules  as  to  present  the 
appearance  of  fattily  degenerated  cells  ( Unger). 

The  medullary  sheath  of  the  spinal  cord  is  also  in  some  cases  of  myelitis 
considerably  thickened  {Leyden).  It  is  necessary,  however,  that  one  should 
carefully  exclude  cases  in  which  the  enlargement  occurs  post-mortem. 

Calcified  nerve-fibres  which  are  not  the  processes  of  calcified  nerve- 
cells  are  rare.  Forster  saw  calcified  fibres  in  the  lumbar  swelling  of  the 
spinal  cord. 

II.  Schuster  and  Redlich  have  described,  under  the  name  of  hyaline 
degeneration,  a form  of  hypertrophy  in  which  the  nerve-fibre  becomes 
coarse  and  uneven.  Numerous  transparent  and  highly-refracting  balls  arc 
found  along  its  course;  they  are  of  different  sizes  and  entirely  homo- 
geneous in  character,  and  they  turn  bright  red  on  the  application  of 
eosin.  The  remnants  of  the  decaying  nerve  occupy  the  intervals  between 
them.  The  axis-cylinders  remain  intact.  The  hyaline  lumps  can  be 
stained  in  almost  any  staining  agent,  but  the  colour  fades  very  quickly. 


(b.)  NERVE-CELLS. 

The  nerve-cell  (ganglion  cell  or  neurocyte)  may  be  regarded  as 
physiologically  the  most  important  part  of  the  neuron,  and  therefore  of  the 
whole  nervous  system,  the  nerve-fibres  being  primarily  mere  conductors  of 
excitation.  Anatomically,  also,  the  fibres  must  be  treated  as  processes  of 
the  cells. 

We  may  define  a nerve-cell  anatomically  as  a cell  from  which  a nerve- 
fibre  arises ; but  it  is  often  far  from  easy  to  determine  under  the  microscope 
the  nervous  or  noil-nervous  nature  of  a cell  in  the  nervous  system. 
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The  primitive  form  of  a uerve-coll  is  the  sphere ; from  this,  by  the 
prolongation  of  one  of  its  axes,  a pyriform,  by  the  prolongation  of  both,  a 
fusiform  body  is  produced.  Never,  however,  is  one  diameter  of  the  nerve- 


Fig.  52.— A cell  from  the  anterior  horn 
of  the  human  spinal  cord.  Magn. 
150. — a,  Axis-cylinder  process  ; b 
clump  of  pigment. 


Fig.  53.  —A  cell  from  the  anterior 
horn  of  the  spinal  cord  of  the 
pike.  Magn.  150. 


Fig.  54.— A cell  from  the  anterior  horn.  Fig.  55.— A pigmented  cell  from  the 

JSissl  s staining.  substantia  ferruginca.  Human 

brain.  Magn.  150. 


cell  greatly  diminished  (as  in  tesselated  epithelium)  or  greatly  increased  (as 
in  muscle-fibre). 

So  it  comes  about  that  from  every  nerve-cell  one  process  at  least,  but 
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usually  more  than  one,  originates,  which  (by  the  gradual  renewal  of  the 
cell-body)  alters,  but  never  completely  obscures,  the  globular  or  spindle 
shape  of  the  cell.  Variations  are  occasionally  met  with  ; such  are,  for 
example,  the  cells  with  lobe-like  appendages  found  in  the  spinal  ganglia 
of  the  tortoise. 

All  nerve-cells  possess  a granular  protoplasm,  which  is  for  the  most  part 
prolonged  some  distance  into  the  processes. 

In  the  interior  of  the  nerve-cell  is  a relatively  large  clear  nucleus,  round 
or  oval,  or  occasionally  angular  with  rounded  angles,  and  presenting, 
besides,  a characteristic  granulation,  which  occasionally  constitutes  a 
distinct  network ; an  unusually  large  nucleolus  is  found  within  the  nucleus ; 
in  this  often  a nucleolus  is  to  be  seen.  In  many  nerve-cells,  especially  those 
of  the  cortex  cerebri,  the  nucleus  is  seen  to  be  crossed  by  one  line  or  by 
several.  This  peculiarity  was  first  observed  by  Roncoroni,  in  preparations 
stained  in  methylene-blue  by  Nissl’s  method.  Cells  with  several  nuclei  are 
also  found  among  the  sympathetic  cells  of  many  animals,  such  as  rabbits, 
guinea-pigs,  etc. 

A peculiarity  of  structure  (fig.  54),  formerly  called  fibrillar  striation,  on 
the  authority  of  Max  Schulze,  is  often  clearly  recognisable  in  the  actual 
cell-body  or  protoplasm  of  the  cell.  By  the  application  of  Nissl’s  method 
(p.  16)  or  one  of  its  modifications,  the  cell-body  is  seen  to  consist  of  a 
colourless  or  almost  colourless  basis  substance  containing  very  large  numbers 
of  scattered  coloured  corpuscles.  In  spite  of  great  variation  in  shape,  size, 
number,  and  arrangement,  the  granules  so  far  correspond  in  cells  of  the 
same  kind  (those  from  the  anterior  horn  of  the  spinal  cord,  for  example,  or 
the  Purkinje’s  cells  of  the  cerebellum)  as  to  enable  Nissl  to  establish  a 
number  of  characteristic  types  for  certain  kinds  of  cells. 

These  coloured  corpuscles  (which  are  variously  designated : granule, 
Nissl’s  corpuscles,  Nissl’s  cell-bodies,  chromatin  bodies,  tigroid  or  basophilo 
bodies,  etc.)  may  be  arranged  in  clots  of  irregular  shape,  groups,  chains, 
spindles,  etc.  In  most  cases  they  can  be  traced  for  some  distance  into  the 
process ; generally  they  are  spindle-shaped  and  lie  along  it  lengthwise.  The 
axis-cylinder  process  alone  is  free  from  them  from  the  very  beginning  (fig.  54a). 

A corpuscle  of  this  kind,  triangular  in  shape,  is  often  affixed  by  its  base 
to  the  nucleus  (forming  the  ‘ cap  of  the  nucleus  ’),  or  to  the  point  at  which 
a coarse  protoplasmic  process  divides. 

The  name  4 granule  ’ is  hardly  appropriate,  as  the  corpuscles  themselves 
consist  of  extremely  fine  granules  in  a ground  substance  which  does  not 
stain  with  methylene-blue. 

The  pre-existence  of  these  Nissl’s  corpuscles  in  the  living  cell  has  been 
repeatedly  contested ; Held,  for  instance,  regards  them  as  decomposition- 
products  evolved  in  the  process  of  hardening.  Be  this  as  it  may,  the 
regularity  with  which  they  make  their  appearance  in  certain  parts  of  the 
cell,  and  the  variations  they  exhibit  in  certain  conditions  (abnormal  con- 
ditions especially),  are  circumstances  which  constrain  us  to  consider  them 
with  close  attention.  They  are  insoluble  in  alkaline  fluids. 

These  granules,  spindles,  etc.,  sometimes  give  the  protoplasm  of  the  cell 
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the  appearance  of  a very  clearly  marked  striation.  Formerly  it  was  thought 
that  the  fibrillie  seen  in  the  axis-cylinders  entered  the  cell  and  were  there 
in  some  degree  enveloped  (4/.  Schulze ),  and  that  by  the  methods  above 
mentioned  the  fibrillar  structure  of  the  nerve-cell  could  be  exhibited. 

The  existence  of  these  primitive  fibrilla)  in  the  cell-body  may  be  looked 
upon  as  extremely  probable,  but  they  are  situate  in  the  so-called  ‘ achro- 
matic’ substance  between  the  coloured  corpuscles.  They  can  be  made 
visible,  for  example,  by  the  help  of  Delaficld’s  hsematoxylin  (2  of  lisema- 
toxylin  in  200  of  saturated  solution  of  ammoniatcd  alum,  left  exposed  to 
the  light  for  ten  days,  and  then  mixed  with  100  of  alcohol  and  100  of 
glycerin.  The  mixture  should  be  filtered  and  kept  for  some  months  befor 
using).  This  fibrillar  structure  is,  however,  contested  by  many  observers ; 
Lenhosse/c,  for  instance,  maintains  that  the  ground  substance  is  filmy  or 
spongy,  Biitschli  that  it  is  honeycombed. 

Held  is  likewise  of  opinion  that  the  substance  of  the  nerve-cells  and 
axis-cylinders  consists  of  small  longitudinal  vacuoles  with  fine  granules 
(neurosomata)  embedded  in  the  walls.  Moreover,  the  recent  investigations 
of  Flemming,  Lenliossek,  and  Bidder  have  shown  that  the  structure  of 
nerve-cells  is  far  more  complicated,  and  that  they  represent  organisms  with 
a relatively  high  degree  of  differentiation.  Thus,  in  the  cells  of  the 
spinal  ganglia  of  many  animals  we  can  recognise  a system  of  radial  fibres, 
which  shirt  from  a small  corpuscle,  the  centrosoma,  and  must  be  regarded 
as  distinct  from  the  structural  elements  already  described. 

A simple  method  of  showing  the  structure  of  the  cell  is  as  follows : — 

From  the  anterior  horn  of  the  spinal  cord  of  a freshly-killed  animal  hike 
a piece  of  tissue  about  the  size  of  a pin’s  head,  put  it  on  a slide  and  squeeze 
it  out  into  an  exceedingly  thin  layer  by  pressing  a cover-slip  upon  it. 
Next  put  a drop  of  0-5  per  cent,  watery  solution  of  methylene-blue  at  the 
edge  of  the  cover-slip,  and  lift  the  latter  slightly,  so  as  to  bring  the  fluid  in 
contact  with  every  part  of  the  preparation.  In  from  half  a minute  to  a 
minute  take  oft'  the  superfluous  moisture  with  blotting-paper  and  carefully 
remove  the  cover-slip,  leaving  the  film  of  tissue,  as  intact  as  possible, 
adhering  to  either  cover-slip  or  slide.  Expose  it  to  the  air  for  five  or  ten 
minutes,  and  as  soon  as  it  is  dry  mount  in  Canada  balsam  or  dammar 
varnish  ( Thanlwffer  and  Kronthal). 

It  is  exceedingly  difficult  to  distinguish  small  nerve-cells  from  other 
cellular  structures.  No  such  difficulty  exists  in  the  case  of  the  larger  ones, 
which  are  amongst  the  largest  cells  in  the  animal  kingdom.  They  attain 
to  a size  of  0T  mm.,  and  even  more  in  diameter  in  mammals;  and  in  many 
fishes  they  are  larger  still  (sec  p.  152). 

Other  characters  by  which  the  nerve-cells  may  be  recognised  are  the 
following : — 

Many  of  the  larger  nerve-cells,  such  as  the  pyramidal  cells  from  the 
cortex  cerebri,  the  cells  of  the  anterior  horn  or  of  Clarke’s  columns  in  the 
spinal  cord,  contain  a little  heap  of  light  yellow  granules,  regarded  as  a 
lightly-stained  fat-like  ‘pigment’  substance.  Usually  the  pigment  is 
accumulated  on  one  side  of  the  cell  near  a process  (fig.  52).  A dark-brown 
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pigment  is  less  common ; it  may  almost  fill  out  the  cell-body,  so  that  the 
nucleus  remains  as  the  only  clear  spot,  and  may  extend  for  some  distance 
into  the  processes  (fig.  55).  Such  pigmented  cells  are  grouped  together 
in  masses  in  two  situations  in  the  brain,  the  substantia  nigra  Soemmeringi 
and  the  substantia  ferruginea.  They  are  scattered  in  other  situations,  as,  for 
instance,  the  border  of  the  vagus  nucleus.  Strongly  pigmented  cells  are  to 
be  found  outside  the  brain  in  the  spinal  ganglia  and  the  ganglia  of  the 
sympathetic.  No  relation  seems  to  obtain  between  the  general  abundance 
of  pigment  and  the  pigmentation  of  the  nerve-cells.  Many  large  cells,  as, 
for  instance,  Purkinje’s  cells  in  the  cortex  of  the  cerebellum  and  certain 
small  cells,  always  remain  devoid  of  pigment,  as  do  many  of  the  smallest 
cells. 

The  chemical  nature  of  the  pigment  is  not  yet  understood.  The  clear 
pigment  stains  dark  with  osmic  acid  and  often  with  Weigert’s  haanatoxylin 
method.  The  dark  pigment  of  the  human  brain  becomes  lighter  when 
treated  with  concentrated  sulphuric  acid.  A pigment  is  found  in  the 
nerve -cells  of  fresh -water  molluscs,  which  turns  green,  blue,  and  finally 
indigo  on  treatment  with  concentrated  sulphuric  acid  ( Buchholz ),  and  in 
acephalae  there  exists  a brownish-yellow  pigment  which  turns,  on  the 
application  of  this  reagent,  a deep  olive-green  ( Ilawitz ). 

Pigmented  nerve-cells  are  rare  in  animals.  They  are  found  hardly 
anywhere  except  in  the  spinal  ganglia,  the  ganglia  of  the  sympathetic,  and 
(in  many  mammals)  in  the  large  nerve-cells  of  the  spinal  cord.  Especially 
noticeable  are  the  large  black  pigmented  cells  in  the  ventral  part  of  the 
spinal  cord  of  Amphioxus  lanceolatus.  In  many  amphibious  animals  two 
large  cells  (posterior  cells)  filled  with  fine  granular  pigment  are  found  on 
the  dorsal  periphery  of  the  embryonic  cord.  They  disappear  at  a later 
stage  of  development. 

The  pigment  granules  in  the  human  nervous  system  appear,  even  under 
the  highest  magnification,  always  round  or  roundly  angular. 

The  pigment  does  not  appear  everywhere  simultaneously.  First 
(towards  the  end  of  the  first  year)  comes  the  dark  brown  pigment  of  the 
substantia  ferruginea,  and  next  (between  the  third  and  fourth  years)  the 
dark  pigment  of  the  substantia  nigra  and  the  vagus  nucleus.  In  Man 
alone  is  this  dark  pigment  found  in  the  central  nerve-cells.  The  amount 
increases  rapidly,  and  is  fairly  constant  from  the  beginning  of  puberty 
onwards. 

With  the  light  pigment  it  is  different.  It  appears  in  the  spinal  ganglia 
about  the  sixth  year,  in  the  spinal  cord  about  the  eighth,  and  may  not  be 
present  in  the  cortex  of  the  brain  until  nearly  the  twentieth.  It  has  no 
fixed  maximum,  but  continues  to  increase  steadily  up  to  advanced  age 
( Pilcz ). 

Nerve-cells  are  further  characterised  by  the  behaviour  of  their  nuclei 
towards  haomatoxylin.  If  one  stains  a section  with  alum-hsematoxylin 
(p.  17),  all  nuclei,  except  the  nuclei  of  nerve-cells,  assume  a deep  blue 
colour ; but  even  the  largest  nerve-cell  nuclei  presents  merely  a blue-grey 
tone. 
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Nerve-cclls  are  not  invested  by  any  proper  cell-wall.  In  some  places, 
such  as  the  spinal  and  sympathetic  ganglia,  and  in  the  accessory  auditory 
nucleus,  they  are  enclosed  by  capsules  of  epithelial  cells,  through  which  the 
processes,  which  are  usually  simple,  come  out  (fig.  56).  According  to  Max 
Schulze,  the  cells  on  the  auditory  nerve  of  the  pike  are  invested  with  a 
myelin  case. 

The  forms  assumed  by  nerve-cells  and  their  processes  are  observed  in 
detail,  partly  in  sections  prepared  by  the  several  methods  already  described, 
partly  in  preparations  of  isolated  cells,  or  in  tissue  flattened  into  a thin 
layer  (p.  145).  For  separation,  pieces  of  grey  matter  from  the  anterior 
horn  of  a spinal  cord,  as  fresh  as  possible,  are  macerated  in  the  following 
way  : — They  are  placed  in  a weak  straw-coloured  solution  of  bichromate  of 
potassium  for  two  to  four  days,  or  by  Ranvier’s  method  in  a mixture  of  one 
part  absolute  alcohol  and  two  parts  water.  A little  carmine  or  fuchsin 


nuclei  which  line  them 
are  seen.  Each  point 
of  the  cell  which  re- 
mains connected  with 
the  capsule  looks  like 
a process.  Magn.  200. 


may  be  added  directly  to  the  macerating  fluid.  Lavdowsky  recommends 
magdala-red  or  methyl-blue  II.  for  the  purpose.  The  larger  cells  with 
their  processes  may  then  be  easily  isolated  with  the  aid  of  a simple 
microscope ; it  is  best  done  in  a drop  of  0'5  per  cent,  perosmic  acid. 
Fairly  good  permanent  preparations  may  be  made  by  spreading  out  the 
deposit  containing  the  isolated  cells  on  an  object-glass,  allowing  it  to  dry, 
and  covering  with  dammar  varnish.  Cells  may  also  be  easily  isolated 
after  the  tissue  has  lain  for  fourteen  days  in  a 0T  per  cent,  solution  of 
oSmic  acid. 

The  method  of  silver  impregnation  is,  however,  the  only  one  which 
helps  us  to  a clear  understanding  of  the  behaviour  of  the  processes. 

The  number  of  processes  given  oft’  by  a nerve-cell  varies,  but,  unless  we 
include  very  fine  branches,  it  seldom  exceeds  eight.  Apolar  nerve-cells 
seem  to  be  physiologically  inconceivable.  They  arc  to  be  looked  upon 
either  as  developing  cells  or  as  artificial  products.  Unipolar  cells  are  very 


Fig.  56. — Two  cells  from 
a human  spinal  gan- 
glion. They  have 
shrunk  away  from  their 
capsules,  on  the  inner 
surfaces  of  which  the 


Fig.  57. — Diagram  of  a cell  from 
the  spinal  ganglia.  The  peri- 
pheral and  central  processes  unite 
and  form  a single  stem  shortly 
before  their  junction  with  the 
cell. 
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rare ; most  of  them,  like  the  cells  in  the  spinal  ganglia  of  mammals,  may 
be  looked  upon  as  bipolar  cells,  the  processes  of  which  unite  before  they 
join  the  cells.  Iianvier  has  proved  that  this  is  the  case  with  the  unipolar 
cells  [of  the  spinal  ganglia]  which  have  a single  T-shaped  process. 

1 he  higher  we  ascend  in  the  animal  kingdom  and  the  more  highly- 
developed  the  nervous  system,  the  richer  in  processes  do  the  nerve-cells 
become,  and  the  finer  is  the  ramification  of  the  dendrites,  and  possibly  of 
the  collateral  branches  of  the  axis-cylinder  process  also.  This  is  easily 
proved  by  means  of  sections  of  homologous  parts  of  the  central  nervous 
system.  For  example,  one  may  compare  the  anterior  horn-cells  of  fishes, 
which  are  usually  bipolar  (fig.  53),  with  the  stellate  cells  of  mammalia 
(fig.  52),  or  the  pyramidal  cells  from  the  cortex  of  the  cerebrum  in  different 
classes  of  animals.  It  stands  to  reason  that  the  greater  the  number  of 
conducting  paths  by  which  the  nervous  elements  are  bound  together,  the 
more  complicated  and  varied  will  become  the  functions  which  they  are 
capable  of  carrying  out. 

In  the  diagram  of  a neuron  on  p.  149  we  see  two  kinds  of  processes 
starting  from  the  cell,  I.  That  marked  a is  designated  axis-cylinder 
process  (stem  - process,  nerve  - process,  chief  - process,  neurite,  neuraxon, 
neuropodion,  neuron,  and  is  also  known  by  many  other  names) ; the  others 
are  called  protoplasmic  processes  or  dendrites. 

The  axis-cylinder  process  has  certain  characteristics  which  enable  us  to 
recognise  it  in  many  nerve-cells,  especially  by  the  silver  method  of  im- 
pregnation, but  in  a large  proportion  it  is  difficult  or  impossible  to  pick  it 
out.  There  is  seldom  more  than  one  axis-cylinder  process,  cells  with  two 
or  more  (bipolar  or  multipolar  cells)  having  been  met  with  as  yet  in  but 
few  parts  of  the  central  nervous  system  and  spinal  ganglia.  The  distin- 
guishing marks  of  an  axis-cylinder  process  are  its  origin  from  a small  cone 
based  upon  the  nerve-cell  itself  (fig.  58,  a),  or  on  the  beginning  of  a proto- 
plasmic process ; a distinct  projection  of  cell-protoplasm  (not  visible  by  the 
silver  method)  and  its  more  homogeneous  and. hyaline  character  (figs.  52 
and  54),  due  to  the  absence  of  chromatin  filaments  {Schaffer).  Throughout 
its  course  it  is  smooth  and  sharply  defined  ‘ like  a black  thread.’  The 
protoplasmic  processes,  on  the  other  hand,  originate  by  gradual  attenuation 
of  the  cell,  divide  dichotomously  or  antlerwise,  and  sometimes  present 
knots  and  irregularities  in  the  branches.  In  some  preparations  they 
are  marked  by  curious  ‘frostlike  roughnesses ’—fine  thorns  (gemmuhe, 
pyriform  appendages),  but  this  appearance  is  probably  due  to  defective 
staining  [c/1  p.  155].  By  strong  magnification  we  cau  detect,  along  the 
course  of  the  even  thread,  small  granules  of  different  colour  which  have 
no  connection  with  it. 

The  axis-cylinder  process  may  give  off  a varying  number  of  more  or  less 
delicate  side-branches  (collaterals,  fig.  58,  c),  and  it  finally  breaks  up  into 
the  arborescent  system.  In  most  cases  it  becomes  a medullated  fibre, 
invested  from  cell  to  arborescent  system  with  a myelin  sheath.  The 
collaterals  may  also  be  so  invested. 

There  are  other  nerve-cells  in  which  the  axis-cylinder  process,  instead 
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of  passing  over  into  an  independent  nerve-fibre,  ramifies  immediately, 
breaking  up  into  an  exceedingly  rich  network  (fig.  59).  These  are  called 
cells  of  Golgi’s  second  type,  or  simply  Golgi’s  cells.  It  is  obvious  that  in 
cells  of  this  sort  the  axis-cylinder  process  must  lose  more  or  less  of  its 
distinctive  character,  and,  consequently,  be  hard  to  recognise.  It  may 


Fig.  58. — Two  pyramidal  cells  from  the  cortex  cerebri  of  a new-bora  puppy.  Silver 
prep. — a,  Axis-cylinder  process;  c,  collaterals;  s,  apical  process.  The  rest  of  the 
protoplasmic  processes  are  not  represented  in  the  drawing. 


even  be  questioned  whether  a sharp  line  of  demarcation  can  be  drawn 
between  the  two  classes  of  cells  ( Masius  and  others).  The  distinction  is 
still  further  obliterated  by  the  fact  that  the  ramifications  of  a protoplasmic 
process  may  pass  over  into  a medullated  fibre  ( Lavdowshij ).  The  difference 
is  best  seen  in  carmine-stained  preparations  of  the  large  Purkinje’s  cells  of 
the  cortex  of  the  cerebellum. 

The  existence  of  apolar  cells — that  is,  cells  with  no  axis-cylinder  process — • 
is  (to  say  the  least  of  it)  open  to  doubt.  There  may  be  adendritic  nerve- 
cells,  that  is,  cells  with  no  protoplasmic  processes.  The  cells  of  the  spinal 
ganglia  are,  perhaps,  of  this  character ; but  in  them  the  lack  of  dendrites 
is  compensated  by  the  possession  of  two  axis-cylinder  processes  (fig.  57). 
The  large  round  cells  in  which  the  cerebral  root  of  the  nervus  trigeminus 
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takes  origin  were  regarded  by  Golgi  as  unipolar  adendritic  cells;  but 
v.  Gehuchten  and  others  have  demonstrated  their  multipolarity  by  staining 
the  dendrites  with  nitrate  of  silver. 

Anastomosis  between  different  nerve-cells  or  different  branches  of  the 
same,  which  has  often  been  described  (as  by  Dogiel  quite  recently),  pro- 
bably does  not  exist  at  all,  or  is  only  found  as  an  abnormality.  Investiga- 
tions by  the  method  of  impregnation  with  silver,  in  particular,  tend  to 
discredit  it. 


Fig.  59. — Golgi’s  cell  (after  Andriczen). — The  axis-cylinder  process,  a,  breaks  up  at 
once  into  a quantity  of  fine  branches. 

[Whether  normal  or  abnormal  it  may  be  occasionally  demonstrated  in 
the  case  of  nerve-cells  of  every  class,  and  it  is  difficult  to  believe  that  none 
of  the  sympathetic  fibres  from  the  spinal  cord,  which  presumably  commence 
as  the  axis-cylinder  processes  of  cells,  end  directly  in  1 distributive  cells  ’ 
of  sympathetic  ganglia.] 

Other  important  facts  concerning  the  behaviour  of  living  nerve-cells 
and  their  processes  have  been  discovered  by  the  use  of  Ehrlich’s  method 
of  introducing  methylene-blue  into  the  circulation  ( Retzius , inter  alios). 

A quite  distinct  kind  of  nerve-cell  is  found  in  many  situations,  as,  for 
example,  the  retina,  the  olfactory  bulb,  and  most  abundantly  in  the 
nuclear  layer  of  the  cerebellum.  The  statements  made  with  regard  to 
nerve-cells  are  not  applicable  to  these  so-called  granule  cells  (or  myelo- 
cytes, as  Robin  calls  them).  They  consist  almost  exclusively  of  granular 
nuclei  of  5 to  8 g in  diameter,  without  any  strongly  refracting  nucleolus. 
Their  protoplasm  is  very  scanty.  Usually  the  processes  and  cell-proto- 
plasm are  not  visible ; in  no  case  can  the  very  fine  processes  be  followed 
far  (fig.  60).  The  method  of  staining  with  nitrate  of  silver  throws  some 
light  upon  the  behaviour  of  these  granules,  which  are  certainly  not  all  of 
like  value,  as  I shall  presently  show  in  treating  of  the  cerebellum.  In 
fig.  60  they  are  seen  to  consist  of  a round  cell-body  with  a sharp,  delicate 
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axis-cylinder  process  originating  from  it.  We  further  observe  several 
dendritic  processes,  which  soon  break  up  and  end  for  the  most  part  in 
crooked,  claw-shaped  ramifications.  The  nuclei  stain  strongly  with  hscma- 
toxylin.  This  is  a reason  against  regarding  them,  as  is  often  done,  as  of 


Fig.  60.— Granules  from  the  granular  layer  of  the  cerebellum. 

equal  value  with  nerve-cells.  On  the  other  hand,  they  do  not  completely 
agree  in  structure  with  other  tissue  elements, — the  connective-tissue  cells, 
for  example, — nor  is  it  possible  to  imagine  what  might  be  the  use  of 
such  heaps  of  non -nervous  elements  in  so  many  places  in  the  nervous 
system. 

It  is  well  to  consider  a ‘granule’  as  a peculiar  sort  of  nerve-cell  with 
definite  functions  proper  to  itself.  We  can  even  discover  certain  transi- 
tional forms  which  link  it  to  the  ordinary  nerve-cell.  Granules  are  found 
in  invertebrates  as  well  as  vertebrates.  It  has  been  suggested  that  they 
are  nerve-cells  which  have  remained  rudimentary  [Chat in) ; though  it  is 
hard  to  understand  how  such  extensive  layers  of  tissue-elements  could  have 
been  arrested  in  one  of  the  earliest  stages  of  development  without  falling  a 
prey  to  some  process  of  retrogression,  as  superfluous  ballast. 

A.  Hill  sees  in  each  granule  a minute  (receiving)  nerve-cell  by  the 
intercalation  of  which  a connection  is  established  between  a twig  of  the 
end-branching  of  a sensory  fibre  and  the  collecting  protoplasmic  processes 
of  a motor  (despatching)  cell.  He  thinks  it  possible  that  the  true  con- 
ception of  a complete  neuron  should  include,  in  addition  to  protoplasmic 
processes,  trophic  cell,  axis-cylinder  process  and  its  end -branching,  the 
granules  in  connection  with  the  twigs  of  the  branches. 

Among  cellular  elements  in  all  likelihood  nervous,  though  not  yet 
certainly  known  to  be  so,  we  must  reckon  the  cells  which  are  present  in 
large  quantities  in  the  substantia  gelatinosa  Rolandi  of  the  embryo.  They 
can  seldom  be  exhibited  in  the  adult. 

[Each  typical  granule,  although  small,  is  just  as  perfect  a nerve-cell  as 
a cell  of  Purkinje  or  a motor  cell  of  the  anterior  horn,  and  a consideration 
of  the  wide  distribution  of  the  granules  throughout  the  central  nervous 
system  shows  that  they  are  equally  as  important  as  the  larger  nerve-cells. 
Probably  a granule  is  an  essential  element  of  every  ‘ nerve  - couple.’ 
Whether  or  not  a granule  is  to  be  considered  as  a neuron  depends 
• chiefly  upon  whether  the  germ-cell  or  neuroblast  from  which  it  arises  is 
from  an  early  period  isolated  from  the  neuroblast  of  the  larger  cell  with 
which  it  is  in  relation.  It  is  possible  that  the  nuclei  of  the  granules  are 
derived  as  daughter-nuclei  of  the  cell  with  the  end-branching  of  which  they 
are  in  connection,  or  even  that  the  reversed  relation  holds  good.  If  this  is 
the  case,  our  conception  of  a complete  neuron  should  include  a nerve-cell, 
its  axis-cylinder  process  with  its  end-branching,  and  the  granules  connected 
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with  the  terminal  twigs.  The  neuroblasts  of  the  granules  are  from 
an  early  date  independent ; each  granule,  with  its  protoplasmic  and  axis- 
cylinder,  has,  unless  the  hypothesis  of  the  complex  neuron  be  adopted,  as 
much  claim  as  any  of  the  larger  cells  to  be  treated  as  a neuron.] 

•Widely  divergent  views  are  still  held  with  regard  to  the  histological 
meaning  of  nerve-cells.  It  has  even  been  denied  that  they  are  cells 
(Arndt),  and  hence  the  name  ‘ nerve-corpuscle  ’ was  proposed.  We  are  not 
yet  in  a position  to  bring  the  varieties  in  shape,  size,  and  pigmentation 
of  the  cells  which  we  have  already  described  into  association  with  their 
physiological  actions,  still  less  can  we  account  for  the  variations  in  the 
arrangement  of  their  processes. 

The  variations  in  the  pigmentation  of  the  cells  would  seem  to  give  us 
a clear  indication  of  their  functions,  or  at  any  rate  of  the  special  features 
of  their  metabolism ; but  unfortunately,  as  yet,  we  do  not  understand 
this  hint. 

With  regard  to  the  size  of  cells,  we  know  that,  as  a rule,  thick  fibres 
belong  to  large  cells,  and  vice  versd.  If  we  may  also  assume  that  the 
longest  fibres  are  the  thickest,  the  largest  nerve-cells  belong  to  the  longest 
tracts.  This  statement  is  certainly  not  universally  applicable,  but  it  may 
have,  at  any  rate,  a limited  value  for  the  cells  of  any  particular  region,  as, 
for  instance,  the  pyramidal  cells  of  the  cortex.  Just  in  the  same  way  it  is 
certainly  not  without  significance  that  all  the  large  cells  of  the  cerebellar 
cortex  have  a uniform  diameter.  The  largest  cells  are  found  in  fishes,  on 
the  dorsal  surface  of  the  medulla  oblongata.  In  Lophius  piscatorius  they 
sometimes  attain  a diameter  of  0-257  millimeter  and  are  visible  to  the 
naked  eye;  the  oval  nucleus  may  measure  as  much  as  0‘07  mm.,  the 
nucleolus  003  4 mm.  A striking  peculiarity  of  these  cells  is  that  their 
protoplasm  is  frequently  traversed  by  capillaries,  which  may  divide  even 
within  the  cell  itself  (Fritsch).  These  vessels  must  not  be  confounded 
with  the  blood-circulation  erroneously  supposed  by  Adamkiewicz  to  exist 
within  the  nerve-cells. 

An  especial  effort  has  been  made  to  discover  a difference  between  sensory 
and  motor  cells ; or,  as  they  would  be  better  called,  the  cells  standing  in 
direct  relation  to  sensory  and  motor  paths.  Evidences  of  such  differences 
should  be  received  with  great  reservation.  Assuredly  there  must  be  many 
cells  which  are  neither  motor  nor  sensory  in  the  proper  sense  of  the  words, 
but  purely  trophic;  and,  lastly,  there  must  be  cells  which,  if  one  truly 
understood  their  functions,  could  not  be  ranged  in  any  of  these  categories. 

In  the  cells  of  origin  of  the  motor  nerves  we  have  an  example  of  the 
type  in  which  the  axis-cylinder  process  passes  over  directly  into  a medullated 
nerve-fibre.  From  this  Golgi  drew  the  inference  that  all  cells  included  in 
his  first  category  were  motor  cells,  and  that  those  in  the  second  (the  so- 
called  Golgi’s  cells)  were  associated  with  sensory  functions.  This  view  is 
no  longer  tenable ; on  the  contrary,  the  cells  of  the  latter  type  appear  to 
create  functional  relations  between  the  nerve-cells  in  their  vicinity,  and  are 
hence  called  cells  of  association  (Iiamon  y Cajal,  Lenliossek). 

The  difference  of  behaviour  in  neighbouring  cells  towards  colouring 
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reagents,  such  as  carmine  and  Weigert’s  hematoxylin  (‘  chromophilous  ’ 
and  ‘ chromophobic  ’ cells)  justifies  the  conclusion  that  they  differ  in 
function  (Flesch  and  others).  Here  again  I would  remind  the  student  of 
the  variations  of  colour  in  different  cells  produced  by  Nissl’s  staining 
method. 

The  hypothesis  started  by  0.  Kaiser  deserves  mention.  According  to 
this,  the  chromophobic  cells  of  the  spinal  cord  are  situate  in  regions 
associated  with  secondary  or  automatic  functions,  and  cells  become  chromo- 
philous in  proportion  to  the  subordination  of  their  activity  to  that  of  the 
brain. 

While  the  value  of  the  axis-cylinder  process  as  a conductor  of  nervous 
excitation  is  generally  recognised,  opinions  differ  widely  as  to  the  function 
of  the  protoplasmic  processes.  Golgi  and  his  school  take  the  lead  in  denying 
their  nervous  character.  They  maintain  that  such  processes  fix  themselves 
on  to  the  gleia-cells  and  the  walls  of  the  blood-vessels,  and  thence  infer  that 
their  function  is  primarily  trophic,  to  subserve  the  nourishment  of  the 
nerve-cells.  Nansen  went  a step  farther,  and  refused  to  concede  to  the 
nerve-cell  itself  any  direct  part  in  nervous  functions,  regarding  it  as  a mere 
organ  of  nutrition.  We  are  forced,  however,  to  acknowledge  the  nervous 
character  of  the  protoplasmic  processes,  as  the  facts  adduced  in  favour  of 
the  opposite  opinion  have  not  been  confirmed  by  experiment.  Foremost 
among  many  proofs,  we  can  point  to  the  structure  of  these  processes,  which 
(at  least  at  their  storting-point)  differs  in  nothing  from  that  of  the  cell 
itself.  Decisive,  if  proved  correct,  would  be  the  observation,  made  as  yet 
by  Lavdotcshj  alone,  that  a protoplasmic  process  may  pass  over  into  a 
medullated  nerve-fibre.  We  may  take  it  as  rule  (subject  to  exceptions) 
that  the  axis-cylinder  process  transmits  cellifugal,  the  dendritic  processes 
cellipetal,  impulses  (law  of  dynamic  polarity). 

It  must  be  particularly  noted  that  the  protoplasmic  processes  of  a cell 
sometimes  differ  in  behaviour  in  a manner  so  constant  as  to  justify  us  in 
assigning  to  them  a difference  of  function.  Thus,  in  many  species  of 
animals,  the  mitral  cells  of  the  bulbus  olfactorius  have  a single  proto- 
plasmic process  which  brings  the  sensation  of  smell  to  the  cell.  Again,  in 
the  pyramidal  cells  of  the  cortex  the  apical  process  directed  towards  the 
periphery  differs,  not  only  in  origin  but  also  in  behaviour,  from  the  other 
protoplasmic  processes ; whence  we  may  fairly  conclude  that  it  has  functions 
proper  to  itself  alone.  The  assumption  of  difference  in  function  gains 
support  from  the  fact  that  in  many  nerve-cells  one  protoplasmic  process 
develops  much  earlier  than  the  rest.  Fig.  61  represents  pyramidal  cells 
from  the  cortex  of  an  embryo  11  centimeters  long.  The  axis-cylinder 
process  is  distinguishable,  though  without  collaterals,  while  of  the  others 
only  the  apical  process  can  be  seen,  with  the  first  indication  of  a fork. 

To  Forel  first,  and  then  in  a great  measure  to  Mona/cow,  is  due  the 
credit  of  having  paved  the  way  for  our  present  conceptions  of  the  mutual 
relations  of  the  nervous  elements.  Forel  thinks  that  the  processes  of 
neighbouring  cells  grasp  one  another  like  the  branches  of  contiguous  trees, 
without  continuity  of  substance,  but  he  leaves  us  uncertain  as  to  the 
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manner  in  which  he  supposes  these  branches  to  end.  From  a physiological 
standpoint  it  is  not  necessary  to  exact  a direct  continuity  of  cell-processes. 

As  far  as  our  very  elementary  knowledge  of 
physiological  processes  in  the  nerve-cells  allows 
us  to  form  a judgment,  it  may  be  quite 
sufficient  for  the  purpose  of  the  physiological 
transference  of  impulses  to  imagine  an  inter- 
locking of  the  filaments  without  continuity; 
something  like  the  super-position  of  the  spiral 
fibre  upon  the  sympathetic  cell  as  described 
by  Ehrlich.  Apart  from  genetic  reasons  the 
appearances  presented  in  successful  silver  or 
sublimate  preparations  are  in  favour  of  the 
latter  theory.  Individual  cells  with  their 
rich  network  are  coloured,  but  no  anastomosis 
between  neighbouring  cells  is  shown.  The 
study  of  the  development  of  the  central 
nervous  system  led  His  to  a similar  con- 
clusion. He  was  convinced  that  continuity 
, . , t*10  of  nerve-tracts  is  not  essential  to  the  action 

embryo  11  centimeters  in  of  one  fibre-system  upon  another ; it  is  enough 
length.— a,  Axis-cylinder  pro-  if  the  end-fibres  of  both  extend  into  the  same 
cess ; p,  apical  process  with  region  and  the  intercalated  substance  be 
the  first  indication  of  a fork,  capable  of  transferring  impulses.  Besides  the 

‘ axis-tract  ’ he  assigns  to  each  cell  a ‘ con- 
ducting-area.’ By  this  phrase  he  understands  the  area  immediately 
surrounding  it  and  traversed  by  its  protoplasmic  processes  (the  dendritic 
processes).  The  provinces  of  contiguous  nerve-cells  interpenetrate,  and 
may  combine  to  form  a common  area. 

We  may  formulate  the  view  now  in  vogue  by  saying  that  no  anastomosis 
or  analogous  connection  exists  between  any  two  nerve-cells,  but  that  each 
neuron  is  a distinct  unit,  capable  of  acting  upon  another  by  mere  contact. 
The  manner  of  this  communication  is  known  to  us  only  in  part. 

Quite  recently,  however,  various  observers  have  expressed  more  or  less 
doubt  as  to  the  correctness  of  the  accepted  opinion  on  the  subject  of 
neurons.  Held  would  make  a compromise  between  continuity  and  con- 
tiguity by  assuming  a ‘ concrescence  ’ or  intimate  union  between  an  arbor- 
escent process  and  a second  neuron.  Apathy , again,  holds  that  the 

primitive  fibrillse,  starting  from  the  periphery,  pass  without  a break  from 
cell  to  cell  until  they  reach  the  periphery  again. 

[The  invention  of  the  chrome-silver  method  by  Golgi,  which  first  became 
generally  known  to  neurologists  in  1886,  effected  a complete  revolution  in 
the  views  held  as  to  the  nature  of  the  elements  of  which  the  nervous  system 
is  composed.  Individual  cell-systems  were  seen  in  their  entirety  for  the 
first  time  and  with  a diagrammatic  distinctness  which  could  not  have  been 
anticipated.  The  collaterals  of  axis-cylinders  were  demonstrated  by  Golgi, 
the  basket  cells  of  the  molecular  layer  of  the  cerebellum  by  Ramon  y Cajal, 
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the  divaricating  axis-cylinders  of  the  granules  of  the  cerebellum  b}  Pedt o 
Ramon , etc.  By  the  use  of  Golgi’s  method  our  knowledge  of  the  nerve- 
elements  was  multiplied  many-fold ; but  the  interpretation  put  upon  the 
appearances  obtained  by  this  method  will  probably  be  regarded  when  the 
history  of  the  subject  comes  to  be  written,  as  a strange  retrogression. 
The  advantage  of  the  method  lies  in  its  staining  one  cell-system  out  of 
scores  or  hundreds  which  are  left  unstained ; but  in  this  selection  lies  its 
weakness  also.  Even  if  connection  between  homologous  elements  were  to 
be  looked  for,  the  chrome-silver  method  would  not  show  it ; but,  as  we 
know,  connection  obtains  only  between  heterologous  elements ; and  hetero- 
logous elements  are  very  rarely  coloured  in  the  same  preparation.  The 
various  elements  of  which  the  nervous  system  is  composed  are  therefore 
exhibited  by  this  method  as  absolutely  discrete ; and  the  conclusion  has  been 
almost  universally  adopted  by  histologists  that  no  nerve-network,  no  system 
of  continuous  nerve-paths  in  the  sense  in  which  Gerlach  pictured  them, 
exists  in  the  grey  matter.  The  translator  has,  in  a series  of  papers, 
pointed  out  that  such  a conclusion  is  not  inevitable.  It  may  be  avoided 
on  the  ground  of  the  peculiar  selection  — the  partial  coloration  effected  by 
the  silver.  He  has  also  pointed  out  that  the  silver-coloration  (and  the 
same  may  be  said  of  methylene-blue)  does  not  affect  the  conducting 
filaments  or  fibrils.  The  cell  consists  of  various  substances  in  which  the 
fibrils  are  embedded,  and  it  is  in  some  of  these  constituents  of  neuro-plasm 
that  the  silver  reaction  occurs.  In  particular,  he  has  shown  that  the 
various  forms  assumed  by  the  ‘ thorns  ’ on  the  dendrites  prove  that  the 
softer  staining  substance  has  overflowed  from  the  cell-plasm  along  the 
course  of  fibrils  which  the  method  does  not  reveal.  Sometimes  the  thorns 
appear  as  rods  with  knobs  at  their  ends  (gemmules).  Sometimes  one  dot 
or  several  dots  are  seen  unconnected  with  the  dendrite,  but  so  placed  as 
to  indicate  that  they  have  been  led  into  position  by  an  invisible  fibril. 
Occasionally  the  thorn  is  replaced  by  a filament  of  considerable  length. 
The  fibrils  whose  existence  was  thus  inferred  by  the  translator  have  been 
demonstrated  in  invertebrates  by  Apathy  using  gold  chloride.  It  appears 
to  the  translator  that  the  nervous  system  consists  of  an  absolutely  con- 
tinuous and  universal  network  of  fibrils  of  almost  inconceivable  richness ; 
that  the  fibrils  are  collected  by  the  dendrites  of  a nerve-cell  and  distributed 
by  its  axis-cylinder,  small  cells  (granules)  collecting  the  affluent  fibrils, 
large  (motor)  cells  collecting  the  efferent  fibrils.  The  dendrites  of  the 
cells  are  naked,  hence  their  ragged  and  varying  appearance ; the  axis- 
cylinder  processes  are  confined  by  a sheath,  hence  their  clean-cut,  thread- 
like definition.  It  is  not  improbable  that  the  cytoplasm  of  the  cell  and 
. its  dendrites  extends  during  life  to  a varying  distance  along  the  fibrils,  and 
it  is  possible  that  the  efficiency  of  the  fibril  as  a conducting  path,  its 
condition  of  ‘attention’  or  ‘inhibition,’  depends  upon  the  extension  or 
retraction  of  its  cytoplasmic  sheath.  Perhaps  the  first  of  a sequence  of 
rapidly-repeated  stimuli  (vibrations)  induces  the  overflow  of  cell-plasm,  or 
of  some  particular  constituent  of  the  cell-plasm,  which  favours  the  transit 
of  its  successors.  Instead  of  the  whole  protoplasmic  process  being  amoeboid, 
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as  imagined  by  Rabl-Riickhard,  it  is  the  cytoplasm  only  which  is  retractile 
along  the  course  of  the  fibrils.  The  opening  of  a reflex  path — the  condition 
of  attention — depends  upon  a certain  alteration  of  the  surface  relations  of 
the  fibril  and  the  cytoplasm  which  leads  to  the  extrusion  of  the  cytoplasm 
along  the  course  of  the  fibril.  Retraction  of  the  cytoplasm  accompanies 
and  accounts  for  the  opposite  effect — inhibition.  After  death  the  cyto- 
plasm retracts,  and  hence  the  continuity  of  the  network  can  never  be 
demonstrated  by  histological  methods  post-mortem.] 

Kolliker  observed  certain  end-ramifications  of  the  fine  fibre-network 
surrounding  the  cell  in  the  form  of  exceedingly  fine  varicose  fibres,  generally 
terminating  on  its  surface  in  small  button-like  swellings.  Rambn  y Cajcd 
remarked  a similar  arrangement  in  the  cerebellum. 

The  last  and  finest  ramifications  of  the  cell-processes,  collaterals  and 
arborescent  systems  alike,  are  closely  interwoven  in  the  grey  substance, 
forming  not  so  much  a network  as  a felt-work,  the  neuropilema  or  neuro- 
spongium. 

Some  information  has  also  been  gathered  concerning  the  phenomena  of 
life  in  the  nerve-cell. 

Nerve-cells  which  survive  removal  from  the  animal  to  which  they 
belong  are  best  obtained  from  invertebrates.  According  to  Freud  the 
cells  of  the  abdominal  ganglion  of  the  fresh-water  crayfish  may  be  examined 
in  a living  state  in  the  blood  of  the  animal.  The  living  cell  is  seen  to 
consist  of  a substance  arranged  in  a network  and  apparently  continued 
into  the  fibrillse  of  the  nerve-fibres,  as  well  as  of  a homogeneous  basis 
substance.  In  the  nuclei  of  these  cells  Freud  has  seen  a variable  number 
of  bodies  assuming  a variety  of  forms  (for  the  most  part  they  are  longer 
or  shorter  rods,  twisted  or  forked  threads,  and  so  forth),  which,  as  long  as 
the  cell  lives,  undergo  obvious  changes  in  shape  and  place.  Wiedersheim 
was  able  to  follow  under  the  microscope  the  changes  in  shape  of  the  nerve- 
cell body  in  the  brain  of  the  lower  Crustacea. 

Rabl-Ruckhard  has  suggested,  as  a pure  hypothesis,  the  possibility  that 
the  protoplasmic  processes  of  nerve-cells  which  bear  a part  in  the  formation 
of  the  neuro-spongium  are  subject  to  amoeboid  variation,  and  that  a broken 
thread  of  protoplasm  corresponds  to  a broken  thread  of  thought ! M. 
Duval  attempts  to  find  an  anatomical  basis  for  the  act  of  falling  asleep 
by  supposing  that  the  arborescent  systems  which  lie  close  to  the  nerve-cells 
of  the  cortex  are  then  retracted. 

Ramon  y Cajal  goes  so  far  as  to  propound  the  hypothesis  that  intellectual 
exertion  causes  growth  and  increase  of  the  collaterals  and  protoplasmic 
ramifications,  which  brings  about  fresh  and  more  extensive  inter-cortical 
relations.  Although  it  is  hardly  possible  to  demonstrate  any  such  increase, 
there  is  no  doubt  that  the  effectiveness  of  the  brain  as  a machine  is 
primarily  due  to  the  greater  or  lesser  richness  of  the  nerve-tracts  situate 
in  the  processes  and  collaterals,  by  which  the  physiological  relations  of 
the  nerve-cells  to  one  another  are  brought  about. 

[Gcrlach  imagined  the  central  nervous  system  as  composed  of  a plexus. 
In  the  hypothesis  that  the  network  presented  a multitude  of  routes  of 
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varying  resistance,  physiologists  found  a simple  basis  for  nervous  action, 
and  they  pictured  impulses  as  travelling  along  the  lines  of  least  resistance. 
The  modem  conception  of  the  nervous  system  as  consisting  of  discrete 
neurons  is  based  upon  appearances  obtained  by  the  chrome-silver  method, 
and  the  method  of  injecting  methylene-blue  intra  vitcivi ; supported  by  the 
cl  priori  consideration  that  the  difficulties  in  accounting  for  anatomical 
continuity  are  perhaps  as  great  as  the  physiological  difficulties  which 
surround  the  conception  of  a reflex  mechanism  composed  of  uon-continuous 
elements. 

The  doctrine  of  discontinuity  is  commonly  described  as  the  ‘neuron- 
theory,’  although  the  term  ‘neuron’  is  equally  needed  to  express  the 
genetic  and  trophic  unity  of  the  nerve-cells  and  their  processes,  whether 
they  are  connected  together  or  discontinuous.  That  all  classes  of  nerve- 
cells  may  be  united  together  by  their  protoplasmic  processes  has  been 
shown  by  the  translator  and  others;  but  this  may  indicate  incomplete 
separation  during  growth. 

The  burning  question  at  the  present  moment  is : — Are  the  neurons 
independent,  the  nerve-currents  being  collected  by  the  protoplasmic  pro- 
cesses from  the  axis-cylinder  ramifications  of  other  neurons  by  means  of 
gemmules  (thorns),  which  may  or  may  not  be  in  actual  contact;  or  do 
continuous  conducting  fibrils  pass  from  cell  to  cell  1 The  answer  chiefly 
depends  upon  whether  or  not  such  fibrils  can  be  seen  within  the  cells,  for 
it  is  difficult  to  imagine  the  ends  of  the  fibrils  as  placed  in  conducting  con- 
tinuity by  means  of  pads  (gemmules)  of  the  same  cytoplasm  which,  when 
within  the  cells,  serves  as  the  insulating  substance.  Histologists  are  at 
variance  on  this  subject,  and  it  is  almost  premature  to  endeavour  to 
reconcile  the  results  of  various  methods.  All  agree  that  the  cell  consists 
of  a chromophobic  cytoplasm  embeddiug  chromopliilous  granules  or  masses, 
although  it  is  uncertain  whether  these  Nissl’s  corpuscles  exist  as  such 
during  life  or  are  set  free  by  an  acid  coagidation  at  death,  or  by  acid 
reagents  post-mortem.  Almost  all  agree  that  the  cell  contains  fibrils,  but 
whether  these  constitute  a reticulum  ( Flemming , Lugaro,  Marinesco)  or 
whether  the  fibrils  are  independent  of  one  another  {Mann,  Biihler , Bethe, 
Apathy)  is  a debated  question.  Golgi  lias  demonstrated  a coarse  intra- 
cellular network,  which  does  not  seem  to  bear  any  relation  to  the  fine 
reticulum  referred  to  above.  It  is  clear  that  the  so-called  chromophobic 
constituent  of  the  cytoplasm  must  constitute  a reticulum  which,  if  coloured, 
would  present  a negative  picture  of  Nissl’s  corpuscles.  It  may  be  that 
this  contains  a fibrillar  reticulum  which  supports  the  traversing  conducting 
fibrillai ; or,  again,  it  is  possible  that  the  constituents  of  the  cytoplasm 
• coagulated  about  the  fibrils  make  them  appear  to  constitute  a network.] 

We  are  in  possession  of  varied  but  conflicting  evidence  concerning  the 
changes  undergone  by  the  cell  during  functional  activity.  We  arc  told 
that  the  nucleus  shrivels  {Hodge),  or  swells  (Fas),  that  the  nucleolus 
removes  from  its  central  position  to  the  periphery  {Magini),  that  both  cell 
and  nucleus  swell  {Mann),  and  so  forth.  In  the  spinal  cord  of  the  frog 
aftei  long  faradisation,  Bohdan  Korijlrut-Daszlaeinicz  remarked  that  the 
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safraninophilous  cells  outnumbered  the  hsematoxylinophilous  by  three  or 
four  to  one. 

Nissl  and  others  have  thought  that  in  a state  of  rest  the  nerve-cell  was 
reduced  in  size  and  presented  a dark,  pyknomorphous  appearance,  and 
that  light,  apyknomorphous  cells  indicated  a state  of  fatigue.  It  is, 
however,  safer  for  the  present  to  be  cautious  in  interpreting  appearances 
of  this  nature. 

The  development  of  the  nerve-cell  is  intimately  connected  with  the 
behaviour  of  the  epithelium  of  the  central  cavities,  and  will  therefore  be 
most  fitly  discussed  in  treating  of  the  latter  tissue.  In  this  place  I will 
merely  observe  that,  according  to  Vignal,  the  first  characteristic  nerve- 
cells  appear  in  the  spinal  cord,  at  a period  corresponding  to  the  tenth 
week  of  the  human  embryo.  They  constitute  two  groups  in  the  anterior 
and  lateral  horns.  The  cells  of  Clarke’s  column  do  not  appear  until  the 
fourth  month. 

Pathological  Changes  in  Nerve-Cells. — While  nerve-fibres,  as 
far  as  we  know,  arc  subject  to  but  few  degenerative  processes,  the  nerve-cells 
undergo  in  the  living  organism  a great  variety  of  pathological  changes, 
always,  unless  recovery  takes  place,  with  the  same  physiological  result,  loss 
of  function,  and  cell-death.  Eventually  the  nerve-cell  either  disappears 
or  some  vestigial  structure,  depending  for  its  character  upon  the  nature  of 
the  change,  alone  remains  to  mark  its  situation. 


Fig.  62. — Simple  atrophy 
of  a nerve  - cell  from 
the  oculomotor  nucleus. 
Human.  Magn.  150. 


Fig.  63. — Commencing 
atrophy  of  a cell  from 
the  anterior  horn  of  the 
spinal  cord.  Degenera- 
tion of  the  nucleus. 
Magn.  150. 


Fig.  61. — Fatty-pigmentary 
degeneration  of  a pyra- 
midal cell  of  the  cortex 
cerebri.  Magn,  150. 


Simple  atrophy  of  the  nerve-cell  may  occur  (fig.  62) ; owing  to  the 
shrivelling  of  the  cell,  first  in  one  dimension  and  then  in  all,  its  processes 
are  torn  off'  at  some  distance  from  the  cell.  They  often  assume  a corkscrew 
form.  The  nucleus  becomes  less  distinct,  and  the  last  trace  of  the  cell 
disappears,  leaving  occasionally  an  empty  space.  Sometimes  the  commence- 
ment of  the  atrophic  process  can  be  recognised  in  the  nucleus,  which 
shrivels,  loses  its  smooth  outline,  and  often  takes  up  an  eccentric  position 
near  the  periphery  of  the  cell  (fig.  63).  It  becomes  opaque,  and  takes 
readily  certain  stains,  such  as  hsematoxylin  and  nigrosin. 

Fatty  degeneration  begins  as  an  increase  in  the  quantity  of  the 
pigment  normally  present  (fig.  64).  Consequently,  it  hardly  ever  occurs  in 
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non-pigmented  cells.  Since  the  light  yellow  pigment  has  certain  properties 
in  common  with  fat,  and  is  apparently  a body  related  to  fat,  we  often 
speak  of  a fatty  pigmentary  degeneration.  The  granular  matter 
which  accumulates  in  the  cell  in  this  form  of  degeneration  is,  however, 
much  more  like  fat  than  pigment,  and  in  the  later  stages  of  the  disease  the 
cell  is  simply  filled  with  faLgramiles.  Since  we  cannot  say  how  large  a 
quantity  of  pigment  a nerve-cell  may  normally  contain,  we  cannot  recognise 
the  first  stages  of  this  degeneration.  More  and  more  fat  accumulates  in 
the  cell  until,  in  the  later  stages  of  the  disease,  it  is  simply  a vesicle 
distended  with  fat  which  envelops  the  nucleus.  Lastly,  the  nucleus 
disappears,  the  fatty  vesicle  breaks  to  pieces,  and  the  fragments  are 
absorbed.  This  degeneration  is  found  in  the  several  forms  of  chronic 
atrophy,  such  as  senile  atrophy,  general  paralysis,  and  the  atrophy  of 
drunkards.  When  a fatty  cell  has  lost  its  processes  it  resembles  an 
ordinary  fat-cell,  and  it  may,  if  it  retains  its  nucleus,  remain  as  such. 


Fig.  65. — Granular  degeneration 
of  a cell  of  the  anterior  horn  in 
myelitis.  Magn.  150. 


Fig.  66. — Cell  of  anterior  horn, 
with  ten  vacuoles  in  myelitis. 
Magn.  150. 


Fig.  67.— Col- 
loid degener- 
ation of  a 
cell  of  the 
anterior  horn 
in  myelitis. 
Magn.  150. 


There  is  a peculiar  granular  degeneration  which  indicates  an  acute 
process  (fig.  65).  The  cell  body  is,  in  this  condition,  dotted  all  over  with 
granules  which  are  larger  and  rounder  or  more  distinctly  oval  than  in  the 
degeneration  last  described,  and  give  it  somewhat  the  appearance  of  having 
been  stained  by  Nissl’s  method.  They  stain  with  carmine.  The  distinctive 
features  of  the  nerve-cell  may  for  a long  time  remain  unaffected.  It  should 
be  particularly  noted  that  the  nucleus  retains  its  normal  character. 
Pandi  observed  this  form  of  pathological  change  in  cases  of  chronic 
bromide  and  nicotine  poisoning. 

Under  the  name  of  homogeneous  swelling,  Friedmann  and  Schaffer 
have  described  a form  of  degeneration,  occurring  in  the  cells  of  the  cornu 
anterior  in  myelitis,  in  which  the  central  portion  of  the  cell  is  transformed 
into  a homogeneous  substance,  while  the  marginal  zone  retains  at  first  its 
normal  granular  character  and  the  nucleus  appears  intact. 

Vacuole  formation  is  almost  always,  and  indubitably  in  every 
case  in  which  it  reaches  considerable  dimensions,  an  indication  of  in- 
flammatory processes.  The  number  of  spaces  in  the  protoplasm  varies ; 
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there  may  be  as  many  as  ten,  almost  replacing  the  whole  of  the  protoplasm, 
which  persists  only  in  the  thin  sediments  between  the  vacuoles,  and  at  the 
roots  of  the  cell-processes.  Nuclei  and  processes  retain  in  these  cases  their 
normal  appearance.  A.  W.  Campbell  regarded  vacuole-formation  in  the 
nerve-cells  as  the  expression  of  toxic  degeneration.  Attention  must, 
however,  be  called  to  the  fact  that  vacuoles  may  appear  as  the  result 
of  post-mortem  changes.  Near  inflammatory  lesions  we  sometimes  meet 
with  cells,  the  whole  body  of  which  is  occupied  by  a great  structureless 
hyaline  drop  of  colloid.  Such  colloid  degeneration  (fig.  67)  gives  to 
the  cells  a peculiar  globular  form,  such  as  is  only  possessed  by  a very 
few  normal  cells.  The  colloid  drop  stains  deeply  with  carmine. 

As  the  opposite  of  pigmentation,  a condition  may  be  mentioned  in 
which  pigment  normally  present  in  nerve-cells  is  lost,  depigmentation. 
At  the  same  time  the  protoplasm  loses  its  characteristic  granulation,  the 
cell  appears  homogeneous,  and  stains  but  weakly  with  carmine,  so  that  in 
sections  the  cells  are  hardly  distinguishable  from  the  basis  substance. 
This  change  is  found  in  sclerosed  portions  of  the  brain,  and  hence  is 
termed  sclerosis  of  nerve-cells.  The  hyaline  degeneration  described  by 
some  writers  is  almost  identical  with  this  depigmentation.  Later,  the 
cell  changes  in  form  and  disappears;  large  masses  of  nerve-cells  may 
in  this  way  be  missed  from  many  regions  of  the  brain.  This  form  of 
atrophy  is  always  the  sign  of  a slow  chronic  process. 

Hypertrophy  of  nerve-cells  is  not  always  easy  to  distinguish  from 
post-mortem  change.  The  appearance  of  the  cell-substance  is  altered, 
usually  becoming  dim ; hence  the  process  is  known  as  cloudy  swelling  or 
parenchymatous  swelling;  the  nucleus  is  obscured.  Only  the  higher 
degrees  of  this  degeneration  cau  be  regarded  as  distinctly  pathological ; 
aud  it  is  an  open  question  whether  we  should  look  upon  this  change  as  a 
well-marked  form  of  degeneration  sui  generis.  Similar  changes  have  been 
found  in  senile  and  paralytic  dementia,  in  other  forms  of  feebleness  of 
intellect,  and  also  in  extreme  cases  of  inanition  ( Rosenbacli ).  Varicose 
hypertrophy  of  single  processes  (the  central  processes  of  Purkinje’s  cells  in 
the  cerebellum,  for  example)  seems  to  be  rare  ( Hadlich ).  It  must  not 
be  confounded  with  an  alteration  in  the  dendritic  processes  which  has 
frequently  been  described  in  connection  with  various  cases  of  poisoning 
(tetanus,  alcohol,  urtemia)  under  the  name  of  varicose  atrophy.  This 
shows  itself  as  a more  or  less  regular  chain  of  bead-like  swellings  along  the 
processes  in  question.  It  starts  from  the  periphery  and  proceeds  towards 
the  cell,  and  may  even  lead  to  irregular  swelling  of  the  actual  cell-body 
(silver-colouring). 

In  many  of  the  forms  of  degeneration  described  the  processes  of  either 
kind  tear  at  their  commencement  or  at  some  distance  from  the  cell 
( Oei linger  and  Marinesco).  The  student  must  be  careful  to  distinguish 
between  these  injuries  and  such  as  are  due  to  defects  in  the  preparation. 

Calcified  nerve-cells  (fig.  68)  have  been  found  in  the  spinal  cord 
as  well  as  in  the  cortex  of  the  cerebellum  and  cerebrum.  In  the  spinal  cord 
they  are  found  in  the  anterior  cornua  as  the  result  of  infantile  spinal 
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paralysis  and  acute  poliomyelitis ; but  they  are  more  commonly  found  in 
the  cortex  of  the  cerebrum,  arranged  in  groups,  beneath  superficial 
hemorrhages  (plaques  jaunes),  and  after  injuries  in  which  the  skull-case 
suffers  directly  and  the  brain  indirectly,  even  when  the  brain  appears  to 
have  escaped,  so  far  as  can  be  told  at  the  time.  In  cases  of  softening  of 
the  cortex  of  the  cerebrum,  groups  of  calcified  nerve-cells  are  often  found 
embedded  in  masses  of  detritus  and  fat-cells.  By  absorbing  calcium-salts 
they  have  acquired  such  power  of  resistance  that  while  those  around  them 
have  either  perished  or  altered  beyond  recognition,  they,  or  their  skeletons, 
have  maintained  their  position  with  hardly  any  change  of  shape.  Hence 


Fig.  69. — A cortical  coll  (from  the  neigh- 
bourhood of  a tumour)  which  has  divided 
into  a number  of  pieces.  Magn.  150. 

Friedldnder  considered  calcification  as  characteristic  of  acute  changes  in 
nerve-cells.  It  will  be  inferred,  without  special  explanation,  that  calcifica- 
tion is  only  a peculiar  form  of  atrophy.  Calcified  nerve-cells  are  easily 
recognised  even  in  the  unstained  preparation  by  their  peculiar  brilliance, 
as  well  as  by  the  star-like  arrangement  of  their  processes.  On  the  addition 
of  sulphuric  acid,  they  give  off  bubbles  of  carbonic  acid  gas,  and  crystals 
of  sulphate  of  lime  make  their  appearance.  In  preparations  stained  by 
Weigert’s  or  Pal’s  method  the  calcified  nerve-cells  are  black,  with  light 
nuclei. 

Lastly,  a series  of  changes  in  nerve-cells  of  a much  more  active  nature 
must  be  mentioned.  All,  or  almost  all  these,  however,  end  in  atrophy. 
It  may  also  happen  that,  as  the  result  of  an  irritative  condition,  the 
nucleus  travels  to  the  margin  of  the  cell,  or  even  lies  for  its  greater 
part  outside  the  cell-body.  This  is  observed  in  dementia  paralytica  in  the 
cells  of  the  anterior  cornua  of  the  spinal  cord  ( J.  Wagner ). 

Nuclear  division  should  be  noticed.  In  inflammatory  lesions 
changes  in  the  shape  of  the  nuclei  are  remarked.  They  are  seen  to  be 
undergoing  the  kind  of  constriction  which  would  end  by  their  dividing. 
The  process  of  nuclear  division  in  inflammation  was  studied  in  detail  by 
Mondino  and  Coen.  They  recognised  karyokinesis  in  the  large  cells  of  the 
cortex  of  both  cerebrum  and  cerebellum.  In  rabbits  and  guinea-pigs 
karyokinesis  was  recognised  in  the  large  cells  of  the  cortex  of  both 
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Fig.  68. — Calcified  nerve-cells  from 
the  cortex  cerebri  beneath  an 
apoplexy.  Magn.  150. 
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cerebrum  and  cerebellum.  Dogs  are  less  favourable  subjects  for  experiment. 
Coen  found  that  the  number  of  mitotic  figures  in  the  nerve-cells  was  largest 
in  from  four  to  six  days  after  the  infliction  of  the  injury.  On  the  other 
hand,  Fiirstner  and  Knoblauch  could  detect  no  mitotic  figures  in  the  nuclei 
of  the  nerve-cells.  N.  Popoff  observed  nuclear  division  of  the  nerve-cells  in 
cholera  as  the  expression  of  an  inflammatory  process.  Cell  division  has 
been  seen  to  occur  as  the  consequence  of  inflammatory  processes,  either 
primary  or  resulting  from  the  irritation  set  up  in  the  neighbourhood  of 
a tumour,  or  by  artificial  means.  Robinson  induced  division  in  the 
cells  of  the  sympathetic ; Ceccherelli  in  artificially-produced  encephalitis. 
A nerve-cell  may  divide  into  a great  number  of  secondary  cells  which 
still,  as  a group,  exhibit  the  original  form  of  the  parent  cell  (fig.  69, 
Fleischl ). 

Very  important  discoveries  have  been  made  of  late  years  by  means  of 
the  method  of  methylene-staining  perfected  by  Nissl.  This  was  to  be 
expected,  since  it  enables  us  to  observe  the  more  delicate  processes  within 
the  cell.  Indeed,  it  is  no  light  task  to  keep  pace  with  all  that  has  been 
published  on  the  subject.  Considering  that  we  must  look  for  the  actual 
conducting  elements  of  the  nerve-cell  in  the  colourless  ground-substance,  it 
is  obvious  that  the  behaviour  of  Nissl’s  corpuscles  cannot  lay  claim  to  the 
place  of  primary  importance  assigned  to  it  by  many  writers.  It  is  possible, 
not  only  for  normal  Nissl’s  corpuscles  to  exist  in  a cell  functionally  crippled 
by  disease,  but  also  for  the  cell  to  carry  on  its  normal  functions  when  the 
structure  of  the  corpuscles  is  profoundly  affected. 

No  satisfactory  agreement  subsists  as  yet  with  regard  to  all  the  points 
which  concern  the  minute  structure  of  the  cell  in  disease.  The  most 
important  change  shown  by  Nissl’s  method  is  the  resolution  of  the  coloured 
corpuscles  into  extremely  fine  dust-like  particles  or  granules,  or  their 
complete  dissolution  into  a homogeneous  mass,  so  that  the  ground-substance, 
otherwise  almost  colourless,  is  more  or  less  deeply  tinged  with  the 
colouring  matter  (chromatolysis).  Chromatolysis  never  affects  the  whole 
cell  at  the  same  time  and  to  the  same  extent ; it  may  begin  around  the 
nucleus  and  spread  towards  the  periphery  (central  or  perinuclear  chroma- 
tolysis) ; or  it  may  originate  in  the  periphery  (peripheral  chromatolysis) ; or, 
again,  it  may  attack  isolated  spots  in  more  arbitrary  fashion  and  remain 
confined  to  them.  Displacement  of  the  nucleus  frequently  occurs ; it 
leaves  its  central  position,  and  moves,  actively  or  passively,  to  the  periphery 
of  the  cell. 

If  a peripheral  nerve  be  cut  through,  very  striking  changes  quickly 
ensue  in  its  cells  of  origin.  These  are  best  observed  eight  or  ten  days  after 
severance.  According  to  Marinesco , they  consist  in  a process  of  chroma- 
tolysis starting  from  the  cone  of  origin,  and  displacement  of  the  nucleus. 
Regeneration  of  both  nerve  and  cell  sets  in  at  a later  period,  the  latter 
appearing  larger  and  darker  during  the  process.  In  cases  of  poisoning 
from  the  most  diverse  causes,  and  in  all  states  of  disease,  the  nerve-cells 
undergo  changes  of  various  kinds,  which  can  only  be  observed  by  means  of 
Nissl’s  method.  Whether  each  poison  produces  distinctive  and  cliarac- 
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teristic  changes,  as  Nissl  and  others  suppose,  cannot  be  determined  with 
certainty  as  yet. 

In  the  same  way  we  must  admit  with  caution  the  distinction  between 
primary  degeneration  and  that  which  is  secondary,  f.e.,  consequent  upon 
the  severance  of  a nerve. 

It  is  improbable  that  regeneration  of  the  nerve-cells  destroyed  by 
disease  ever  takes  place,  though  it  has  been  asserted  that  perfectly  fresh 
nerve-cells  may  be  formed  in  peripheral  neurons. 

There  is,  no  doubt,  a pathological  condition  of  arrested  or  incomplete 
development  of  the  nerve-cells,  generally  found  in  conjunction  with  idiocy 
or  similar  congenital  defects.  The  distinguishing  characteristic  of  such 
undeveloped  cells  is,  according  to  Bevan  Leicis , that  the  cell-body  is 
indistinctly  granulated  and  stains  faintly  with  aniline  colours,  while 
the  nucleus,  which  usually  occupies  an  eccentric  position,  stains  deeply. 
The  number  of  processes  is  less. 


2.  NON-NERVOUS  CONSTITUENTS  ECTODERMAL 

IN  ORIGIN. 

(a.)  Epithelium. 

The  epithelium  which  clothes  the  cavities  of  the  central  nervous  system, 
and  that  of  the  choroid  plexus  (of  which  I shall  speak  later  on),  is  pro- 
bably in  some  degree  a vestige  of  the  embryonic  layer  of  cells  known  as 
the  epiblast,  which  yields  the  material  for  the  building  up  of  nearly  the 
whole  nervous  system. 

What  its  further  meaning  may  be  in  adult  Man  or  animals  we  do  not 
know ; but  since  wo  wish  to  acquaint  ourselves,  in  the  first  place,  with  the 
structure  of  the  adult  brain,  we  will  begin  by  considering  its  behaviour  in 
the  developed  organism  and  pass  on  to  a survey  of  it  in  the  embryo. 

The  adult  human  central  nervous  system  is  most  unfavourable  for  the 
study  of  ventricular  epithelium.  Not  only  is  it 
difficult  to  obtain  from  the  human  subject  speci- 
mens of  epithelium  in  a sufficiently  fresh  condition 
for  observation  before  changes  have  set  in,  but  it 
appears  that  the  epithelium  in  question  is  better 
developed  in  lower  animals  than  it  is  in  Man,  and 

also  that  in  Man  it  undergoes,  locally  at  anv  rate,  1 — Ventriculai 

. 6 , J ’ epithelium  of  the  frog, 

changes  in  character  after  childhood.  Magn.  200. 

The  epithelial  cells  are  not  everywhere  equally 
well  preserved  in  the  human  nervous  system.  They  are  least  altered  in 
appearance  in  the  central  canal  of  the  spinal  cord,  the  floor  of  the  fourth 
ventricle,  and  the  aqueduct  of  Sylvius,  where,  in  young  persons,  they  may 
be  seen  as  tracts  of  slightly-elevated  cells,  almost  cubical  in  shape,  and 
probably  ciliated. 

The  cells  are  less  perfect  in  other  places,  and  the  constant  presence  of 
cilia  is  so  difficult  to  prove  that  their  existence  is  doubted  by  some  people. 
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They  are  almost  always  arranged  in  a single  layer,  though  Lachi  avers 
that  a deeper  stratum  is  to  be  found  in  the  neighbourhood  of  the  posterior 
commissure. 

The  cells  in  the  ventricular  epithelium  of  the  frog  are  particularly  easy 
to  exhibit.  4 hey  are  fairly  high,  ciliated,  and  possess  a distinct  nucleus. 
They  are  renewed  from  below,  and  the  conical  base  of  each  cell  is  continued 
into  a fine  process  which  can  be  followed  far  down  into  the  nervous  sub- 
stance towards  the  periphery.  In  addition  to  these  processes,  which  occur 
in  the  epithelium  of  all  animals,  though  sometimes  in  an  atrophied  condi- 
tion, some  short  lateral  processes  are  given  off  from  the  base  of  the  cell. 

The  single  layer  of  epithelial  cells,  together  with  the  layer  of  connective 
tissue  on  which  they  rest,  constitutes  the  so-called  ependyma,  which 
extends  as  far  down  as  the  distinctively  nervous  elements. 

The  ependymal  cells  are  essential  to  the  formation  of  the  framework  for 
the  nerve-centres  \ indeed,  in  the  early  stages  of  embryonic  life  this  frame- 
work is  composed  entirely  of  such  cells  and  their  processes.  Then  it  is 
most  clearly  seen  that  each  cell  of  the  spinal  cord  sends  out  towards  the 
periphery  a long  process,  single  at  first  but  soon  divided  into  two  or  more 
branches  which  end  in  a small  knot  on  the  free  surface  (ependymal  fibres). 

In  the  lower  vertebrates  this  is  their  life-long  condition,  but  in  the 
higher  mammals  these  radial  supporting  fibres  disappear  more  or  less  com- 
pletely, giving  place  to  the  scaffolding  of  neurogleia  which  I shall  presently 
describe.  The  elements  of  this  later  tissue  also  take  their  origin  from  the 
ependymal  cells. 

In  the  spinal  cord  of  even  full-grown  mammals  the  processes  of  the 
epithelial  cells  on  the  anterior  margin  of  the  central  canal  stretch  as  far  as 
to  the  fissura  anterior,  while  the  ‘ posterior  ependymal  cells  ’ with  their  pro- 
cesses form  the  septum  posterius. 

Even  in  very  old  dogs  Berkley  found  ependymal  fibres  which  extended 
as  far  as  to  the  pia  mater.  He  also  draws  attention  to  some  peculiarly- 
shaped  ependymal  cells  which  he  met  with  in  the  infundibulum  in  dogs. 
They  are  usually  conical  and  send  out  a long  process  towards  the  periphery, 
while  troth  cell  and  process  give  off  numberless  fine  side  branches  at  right 
angles.  From  the  form  thus  produced  he  names  them  ‘pine-tree  cells.’ 

In  dogs  and  rabbits  numerous  karyomitoses  are  found  in  the  nuclei  of 
the  cells  at  birth  and  during  the  first  few  days,  indicating  a very  active 
production  of  young  cells. 

Even  when  the  plate  of  the  medullary  tube  consists  as  yet  of  a single  layer 
of  epithelium  we  can  see  that  the  cells  are  of  two  kinds  [cf.  p.  39],  One  kind, 
which  bears  the  character  of  the  palisade-like  epithelium,  is  transformed 
later  into  the  elements  to  which  Iiis  gave  the  name  of  spongioblasts.  The 
innermost  of  these  afterwards  acquire  a covering  of  cilia  and  form  the  lining 
of  the  central  canal  and  of  the  cerebral  ventricles.  Among  the  spongioblasts, 
but  quite  distinct  from  them,  are  roundish  cells,  the  ‘germ-cells,’  which 
subdivide  and  form  the  elements  called  by  His  neuroblasts.  On  one  side 
of  these  (which  must  be  regarded  as  the  rudiments  of  the  nerve-cells)  the 
protoplasm  is  drawn  out  into  a process,  the  axis-cylinder  process,  short  at 
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first,  but  quickly  lengthening.  At  the  same  time,  or  even  earlier,  the 
neuroblasts  sink  away  from  the  innermost  layer  of  the  now  thickened 
medullary  canal,  to  reach  finally  the  place  destined  for  the  developed 
nerve-cells. 

The  process  of  the  neuroblast  continues  to  grow,  sometimes  to  a very 
considerable  length.  The  axis-cylinders  of  all  nerves,  peripheral  and 
central,  are  in  the  first  instance  mere  outgrowths  from  the  neuroblasts. 
During  the  period  of  growth,  that  is,  until  the  axis-cylinder  process  has 
reached  its  goal  (a  peripheral  muscle-fibre,  it  may  be),  its  free  end  is 
marked  by  a characteristic  knobby  swelling,  the  cone  de  croissancc  (11.  y 
Cajal), 

From  the  same  rudiment  and  in  similar  fashion  the  permanent  gleial 
scaffolding  develops.  Single  cells,  astroblasts  (Lenliossek),  move  outwards 
from  the  layer  of  ependymal  cells  and  are  then  transformed  into  gleia-cells. 

According  to  Schaper,  who  impugns  the  views  of  His  in  particular,  the 
germ-cells  also  originate  from  the  epithelium  of  the  medullary  canal,  and 
by  moving  outwards  form  a layer  of  indifferent  cells  (the  mantle-layer  of 
His).  These  subsequently  differentiate  into  neuroblasts  (afterwards  nerve- 
cells)  or  spongioblasts  (afterwards  gleia-cells). 

(A)  Neurogleia. 

It  has  long  been  recognised  that  there  exists  throughout  the  nervous 
system  a tissue  distinct  from  the  purely  nervous  elements  and  the  vessels. 
On  the  assumption  that  the  principal  function  of  this  peculiar  tissue  was  to 
supply  a supporting  framework  for  the  organ,  it  was  called  ‘supporting 
tissue  ’ ; but,  from  the  first,  anatomists  felt  difficulty  in  arriving  at  an  exact 
histological  appreciation  of  it,  that  is  to  say,  in  ranging  it  in  the  category  of 
any  known  tissue.  For  this  reason  Virchow  gave  it  the  distinctive  name  of 
gleia  or  neurogleia,  nerve-cement. 

For  a long  while  the  view  most  generally  accepted  was  that  two  distinct 
constituents  went  to  form  the  neurogleia:  (1)  cells  with  many  long  pro- 
cesses, called  Deiters’  cells,  which  were  supposed  to  be  a form  of  connective 
tissue  peculiar  to  the  central  nervous  system ; and  (2)  a fine  fibrillar  or 
granular  basis  substance. 

But  the  conclusion  once  arrived  at  that  the  greater  number,  at  all 
events,  of  Deiters’  cells  spring  from  the  ependyma,  the  theory  that  they 
are  of  the  nature  of  connective  tissue  becomes  untenable,  especially  in  face 
of  the  light  thrown  upon  the  subject  by  the  use  of  the  silver  method  of 
impregnation. 

It  became  more  and  more  open  to  question  whether  true  connective 
tissue  of  mesodermal  origin  bore  any  part  with  the  purely  ectodermal  gleia- 
tissue  in  building  up  the  central  nervous  system.  Modem  methods  of 
staining,  such  as  Weigert’s  and  Schaffer’s,  showed  that  the  septa  of  the 
spinal  cord  (formerly  supposed  to  be  of  the  nature  of  connective  tissue)  are 
entirely  composed  of  gleia.  Nor  could  the  apparent  connection  of  gleia- 
fibres  and  connective-tissue  elements  be  maintained.  Observers  fancied 
that  they  could  discern  the  manner  in  which  such  gleia-fibres  attached 
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themselves  with  conical  bases  to  the  vessels  (figs.  77  and  78).  This  appear- 
ance was,  as  a matter  of  fact,  fallacious ; the  processes  do  not  attach  them- 
selves to  the  vessel  at  all,  but  stop  a little  short  of  it  and  unite  with  other 
processes  to  form  a gleia  network  (see  p.  173  and  fig.  79). 

J.  Schafer  recommends  a method  for  distinguishing  the  connective- 
tissue  elements  from  the  true  neurogleia.  He  stains  in  acetic-acid-heemato- 
xylin  (p.  24),  differentiates  in  solution  of  borax-ferridcyanide  of  potassium, 
and  leaves  the  sections  for  several  days  in  a very  dilute  solution  of  eosin. 
The  neurogleia  fibres  then  appear  red,  while  the  glutiniferous  connective 
tissue  remains  brown. 

For  the  study  of  the  gleia-cells  of  the  central  nervous  system  it  is  best 
to  take  little  pieces  of  the  fresh  brain  or  spinal  cord,  and  macerate  them 


for  two  or  three  days  in  a straw-coloured  solution  of  bichromate  of  potassium 
or  in  OT  per  cent,  osmic  acid.  The  tissue  can  be  subsequently  colouied  at 
pleasure.  It  will  always  yield  a considerable  number  of  well-isolated  gleia- 
cells,  which  vary  in  appearance  according  to  the  region  from  which  the 
preparation  has  been  taken. 

Fig.  71  shows  a cell  from  a radial  septum  of  the  human  spinal  cord. 
Numerous  fibres  of  the  utmost  tenuity  stream  out  from  a granular  nucleus 
which  often  is  not  very  distinct.  The  processes,  which  may  attain  to  a 
length  of  0-5  mm.,  are  usually  disposed  in  two  groups  which  run  in 
diametrically -opposite  directions.  A proper  cell-protoplasm  is  usually 
wanting;  the  cell-body  is  only  represented  by  flat  appendages  of  the 
nucleus,  usually  faintly  granular,  which  soon  resolve  themselves  into  cell- 
processes,  which  are  further  distinguished  by  their  characteristic  stiffness. 
They  hardly  divide  at  all,  whereas  in  other  kinds  of  cell  (nerve-cells,  for 
example),  division  of  the  processes  is  very  frequent.  The  processes  of  some 


Fig.  71.— Isolated  gleia-cell  from  the  human  spinal  cord. 
Matjn.  800. 
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of  the  cells  radiate  in  all  directions,  as,  for  example,  in  the  cell  shown  in 
fig.  72,  from  the  ependyma  of  the  lateral  ventricle  (spider-cells  or  astrocytes). 
Sometimes  many  fine  processes  start  from  one  pole  of  the  cell  and  a 
broader,  thicker  process  from  the  opposite  pole,  giving  the  appearance 
of  a paint-brush  with  its  handle  (paint-brush  cells).  Ranvier,  Weigert,  and 
many  others  suppose  that  these  processes  of  the  gleia-cells  (at  all  events 
when  fully  developed)  are  only  fixed  on  to  the  cell-body,  not  actually 
united  with  it. 

It  is  cells  of  this  latter  kind  which,  when  prepared  by  Boll’s  method, 
are  pointed  out  as  Deiters’  cells. 

Kollilcer  makes  a distinction  between  cells  with  very  long  processes 
(‘  Laugstrahler  ’)  and  those  of  which  the  processes  are  shorter  (‘Kurz- 


Fig.  72.— Isolated  gleia-cell  from  the  ependyma  of  the  lateral  ventricle. 

Magn.  800. 

strahler  ’).  The  latter  are  found  chiefly  in  the  grey  matter.  Andriezen 
describes  some  gleia-cells  with  rough  processes,  shorter,  thicker,  and  more 
branching,  which  are,  perhaps,  identical  with  these.  He,  however,  looks 
upon  them  as  mesodermal  structures. 

In  many  of  these  supporting  cells  of  the  central  nervous  system  no 
nucleus  is  visible;  it  seems  to  be  converted  into  chitin.  In  others  the 

protoplasm  is  so  scanty  that  the  processes  appear  to  start  from  the  nucleus 
itself. 

The  disposition  of  the  cell-processes  varies  according  to  the  locality. 
Thin  sections  yield  the  best  results,  but  the  fine  network  is  very  difficult  to 
pick  out,  with  most  staining  methods,  from  the  other  histological  elements. 
After  staining  with  alum-htematoxylin,  which  gives  to  the  nuclei  an  intense 
blue  colour,  their  arrangement  is  easily  grasped,  but,  as  far  as  the  pro- 
cesses are  concerned,  more  is  usually  seen  in  carmine  preparations,  and 
this  not  infrequently  m sections  which  seem  from  other  points  of  view 
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hardly  successful.  Golgi’s  sublimate  method  sometimes  affords  pictures  of 
the  most  surprising  distinctness  (fig.  73). 

The  gleial  elements,  though  not  the  nervous,  are  said  to  stain  par- 
ticularly well  by  the  following  method  : — 

A perfectly  fresh  piece  of  tissue  is  cut  into  sections  not  more  than 
1£  mm.  thick  at  most,  and  placed  for  from  fifteen  to  twenty  minutes  in  a 

mixture  of  equal  parts  warm  water  and  con- 
centrated solution  of  picric  acid.  The  sections 
are  then  transferred  to  a hardening  fluid  con- 
sisting of  100  parts  concentrated  watery  solution 
of  bichromate  of  potassium  and  16  parts  of  2 per 
cent,  solution  of  perosmic  acid.  This  mixture 
should  have  been  previously  exposed  to  sunlight 
for  several  days.  The  sections  remain  in  it  in 
the  dark,  and  at  a temperature  above  25°  C.,  for 
about  forty-eight  hours,  and  are  then  placed  for 
six  days  or  more  in  the  silver  solution.  Further 
treatment  as  usual  (II.  Berkley). 

The  silver  method  of  impregnation  shows 
, most  clearly  that  the  processes  of  the  cell  do 

‘ — ' ' not  anastomose,  but  end  with  free  tips.  Such 

/ anastomosis  has  nevertheless  been  repeatedly 

asserted. 

As  I have  already  observed,  the  gleia-cells 
often  appear  to  be  attached  by  one  process  or 
more  to  the  adventitia  of  the  vessels.  As  a 
matter  of  fact,  however,  they  do  not  unite  with 
the  vessels,  but  merely  form  a membrane  round 
about  it  (see  p.  173  and  figs.  78,  79). 

We  cannot  here  explain  the  extent  to  which 
one  is  justified  in  supposing  that  the  gleial  cells  and  their  processes  share 
in  the  lymph-supply  within  the  brain. 

In  many  spider  cells  the  process  (or  processes,  for  there  are  often 
several)  leading  to  the  perivascular  space  differs  in  a marked  degree  from 
the  rest.  It  is  coarser,  thicker,  and  often  more  twisted.  Bevan  Lewis 
gives  it  the  distinctive  name  of  ‘ vascular  process.  In  many  other  gleia- 
cells  one  or  more  processes  are  distinguished  from  the  others  by  peculiaiities 
of  shape,  size,  etc. 

The  whole  central  nervous  system  is  permeated  and  supported  by  a fine 
scaffolding,  of  which  the  cells  constitute  the  nodal  points.  This  is  the 
stroma  in  which  the  nervous  elements  and  their  vessels  are  disposed. 

Manifold  local  peculiarities  are  presented  in  the  finer  details  of  arrange- 
ment of  this  supporting  tissue.  In  many  parts  (the  interior  of  the  white 
substance  of  the  spinal  cord,  for  example)  the  majority  of  the  gleia-fabres, 
and  the  longest,  run  in  the  same  direction  as  the  nerve-fibres  (fig.  1 3), 
while  in  the  outer  layers  of  the  cortex,  on  the  contrary,  they  generally 
take  the  opposite  course  towards  the  periphery. 


Fig.  73.  — Gleia-cells  and 
gleia-fibres  from  the  an- 
terior column  of  the  spinal 
cord.  Longitudinal  sec- 
tion. 
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On  the  strength  of  the  appearances  which  result  from  his  new  staining 
method,  Weigert  supposes  the  neurogleia  to  consist  of  innumerable  fine 
fibres  which  traverse  the  central  nervous  system  in  various  directions, 
crossing  one  another  again  and  again.  Often  a cell-platelet  lies  at  the 
point  where  they  cross,  but  does  not  unite  with  the  fibres,  the  gleia-cell 
being  merely  imposed  upon  the  gleia-fibres. 

Neither  the  amount  nor  the  disposition  of  the  supporting  tissue  can 
always  be  brought  into  accordance  with  the  theory  that  its  sole  function  is 
to  connect  and  support.  This  circumstance  seems  to  indicate  that  these 
constituents  may  have  another  and  not  unimportant  part  to  play ; in  con- 
nection, we  may  suppose,  with  the  processes  of  nutrition. 

Spina  and  Vejnar  observed  movements  of  the  gleia-network  and  con- 
tinual changes  of  the  reticular  marking  in  the  living  brain  of  the  frog  and 
triton  after  removal  from  the  animal. 

On  this  assumption  of  the  capacity  of  movement  in  the  gleia-fibres 
Ramon  y Cajal  bases  the  most  far-reaching  hypotheses  with  regard  to  the 
functional  meaning  of  the  gleia-cells.  He  supposes  that  the  retraction  of 
the  fibres  which  extend  to  the  vessels  may  cause  enlargement  of  the  lumen 
and  consequent  hypenemia.  To  the  gleia-cells  of  the  grey  substance  he 
ascribes  the  power  of  so  extending  their  processes  as  to  thrust  them 
between  the  arborescent  system  of  one  neuron  and  the  cell  of  another, 
thus  interrupting  the  contact  necessary  for  the  physiological  transference 
of  impulses.  This  he  supposes  to  take  place  in  sleep,  among  other  con- 
ditions ; but  he  holds  that  the  whole  function  of  thought  is  directed  and 
regulated  by  the  movements  of  these  ‘pseudopodia.’  Here,  again,  I would 
warn  the  student  to  be  on  his  guard  against  seeking  to  explain  the  higher 
psychical  processes  by  details  of  anatomical  structure. 

It  has  already  been  explained  that  the  gleia-tissue,  like  the  nervous 
constituents  of  the  central  nervous  system,  owes  its  origin  to  the  epithelial 
lining  of  the  central  cavities. 

Pathological  Changes  in  the  Gleial  Tissue  of  the  Central 
Nervous  System. — It  is  obvious  that  our  altered  conceptions  of  the 
central  supporting  tissue  must  modify  our  ideas  concerning  the  pathological 
changes  to  which  it  is  liable. 

Hyperplasia,  proliferation  of  the  gleia-tissue  in  the  form  of  circum- 
scribed tumours,  is  known  as  glioma,  while  more  diffused  proliferation  is 
usually  called  gliosis  or  gliomatosis.  In  either  case  we  have  unques- 
tionably to  do  with  an  increase  of  the  gleial  elements.  Gliosis  of  the  spinal 
cord  is  associated  with  a tendency  to  decay  and  the  formation  of  cavities 
(syringo-myelia).  We  have  as  yet  no  certain  knowledge  of  how  this 
increase  of  the  gleial  elements  comes  to  pass.  Direct  division  seems  to 
play  but  a small  part  in  it.  Von  Lenliossek  thinks  that  there  may  be 
agenetic  cells  in  the  central  nervous  system,  which  normally  remain 
throughout  life  in  their  original  smooth  condition,  although  they  can  bo 
excited  to  proliferation  by  some  unknown  form  of  irritation. 

True  primary  sclerosis  of  the  central  nervous  system  must  be  looked 
upon  as  an  inflammatory  process.  The  earlier  stages  are  always  marked 
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by  an  increase  of  nuclei,  material  for  which  is  afforded  by  the  lymph-cells 
which  wander  out  of  the  vessels.  Whether  these  lymph-cells  are  capable 
of  further  change,  whether  they  can  give  off  processes  and  take  part  in  the 
formation  of  the  sclerosed  tissue  by  which  the  nerve-substance  is  compressed 
and  finally  destroyed,  is  a question  that  must  be  left  undecided  for  the 
present.  We  may  assume  that  a similar  process  takes  place  in  the  cortex 
of  the  brain  in  dementia  paralytica. 

In  secondary  degeneration  (tabes,  or  spots  of  disseminated  sclerosis,  for 
example)  the  process  is  reversed ; the  nerve-tissue  decays  first,  and  pro- 
liferation of  the  supporting  tissue  ensues  to  fill  the  void  thus  created.  In 
this  case,  however,  the  elements  increase,  not  in  number,  but  in  size.  The 
investigations  of  Robertson  go  to  prove  that  the  gleia-cells  swell  at  first  in 
both  primary  and  secondary  sclerosis,  and  this  hypertrophy  is  the  inception 
of  proliferation.  The  daughter-cells  also  swell  at  first,  and  may  themselves 
subdivide.  New  processes  grow  out  of  the  cell-protoplasm;  they  resemble 
dendrites  at  first,  but  at  a later  stage  they  divide  almost  close  upon  the 
nucleus.  The  proliferation  of  gleia-fibrillfe  takes  place  by  preference  in  the 
direction  of  least  resistance  ( Enrich ). 

Most  pathological  processes  in  the  central  nervous  system  affect  the 
gleia-tissue. 

In  many  cases  of  sclerosis  the  number  of  fibrils  which  originate  in  a 
single  cell  is  greatly  increased.  Nuclei  are  seen  from  which  innumerable 
delicate  fibres,  usually  short,  spread  out  in  every  direction  (fig.  74).  The 
sclerosed  tissue  then  breaks  up  almost  throughout  into  a number  of 
spherical  bodies. 

Under  the  influence  of  continuous  pressure,  due,  for  instance,  to  the 
proximity  of  a tumour  or  a haemorrhage,  the  gleia-cells  swell  and 
assume  a turgid,  glassy  look ; their  nuclei  disappear ; the  refraction  of 
the  processes  is  changed,  so  that,  like  the  cells,  they  become  more  dis- 
tinct ; sometimes  the  gleia-cells  come  to  resemble  nerve-cells ; in  the 
neighbourhood  of  a haemorrhage  they  are  apt  to  imbibe  a little  blood- 

pigment.  These  are  the  changes  which 
characterise  inflammatory  swelling  of  the 
gleia-cells.  Proliferation  of  nuclei  by  ka- 
ryokinesis  (Coen,  Fiirstner,  and  Knoblauch) 
also  occurs ; some  cells  occasionally  taking 
on  the  form  of  irregular  plaques  containing 
as  many  as  twelve  to  fifteen  nuclei  (fibro- 
plastic bodies  of  Hayem). 

The  granulation  of  the  ependyma  of  the 
ventricle  so  commonly  observed  depends  upon 
an  overgrowth  of  the  subepithelial  supporting 
tissue  which,  breaking  through  the  epithelium, 
appears  uncovered  in  the  ventricular  cavity.  In  old  brains,  especially,  a 
yellowish-brown  pigment  is  often  found  in  the  gleia-cells. 

Changes,  of  which  varicose  swelling  of  the  processes  is  the  commonest, 
can  be  observed  by  means  of  the  silver  method  in  alcoholic  poisoning 


Fig.  74. — Gleia-cells  with  numer- 
ous short  processes  from  the 
corpora  quadrigemina  which 
were  affected  with  sclerosis  iu 
a case  of  dementia  paralytica. 
Mayn.  250. 
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(Berkley),  uraemia  ( Sacerclotti  and  Ottolenghi),  dementia  paralytica  (Mills 
and  Schirely ),  and  other  conditions. 

This  granulation  usually  gives  the  surface  of  the  ventricle  a gravelly 
appearance,  though  it  sometimes  forms  nodules  as  large  as  a grain  of  millet 
seed.  It  is  occasionally  found  in  the  brains  of  healthy  persons  of  advanced 
age ; but  it  almost  invariably  points  to  chronic  brain  trouble,  and  is  met 
with  most  frequently  in  dementia  paralytica.  The  granulations  may  occur 
in  any  part  of  the  ventricles,  but  are  apt  to  be  most  noticeable  in  the 
posterior  part  of  the  fourth  ventricle  and  over  the  corpus  striatum. 


B.  TISSUES  OF  MESOBLASTIC  ORIGIN, 

i.  CONNECTIVE  TISSUE. 

In  the  section  upon  neurogleia  (p.  165)  we  have  already  gone  into  the 
question  as  to  whether,  and  how  far,  we  are  justified  in  assuming  that  any 
true  connective  tissue  bears  a part  in  forming  the  scaffolding  of  the  central 
nervous  system.  A circumstance  which  deserves  special  mention  is  that  in 
this  system  the  true  connective  tissue  and  the  actual  nerve-substance  are 
always  separated  by  a sheet  of  gleia-substauce.  It  seems  not  impossible 
that  mesoblastic  tissue  may  appear  in  the  central  nervous  system,  either  in 
certain  pathological  conditions,  or  in  the  form  of  tumours  (such  as 
sarcoma),  or,  perhaps,  as  a cyst-wall  in  the  formation  of  sclerotic  cicatrices. 
But  in  this  matter,  as  in  others,  we  must  await  the  results  of  more 
exhaustive  study. 


2.  VESSELS. 

The  structure  of  the  blood-vessels  of  the  interior  of  the  brain  is  best 
studied  by  means  of  pieces  not  inconveniently  small  (the  size  of  a cob-nut 
or  larger),  which  have  been  macerated  for  one  to  two  days  in  a very  weak 
light-yellow  solution  of  bichromate  of  potassium — it  is  well  to  put  aside 
for  examination  a piece  of  cortex  with  medullary  centre,  and  of  the  basal 
ganglia ; the  vessels  can  without  difficulty  be  detached  with  needles  from 
the  surrounding  substance  under  water.  Fairly  large  vessels  with  all  their 
ramifications  may  thus  be  removed. 

The  vessel  is  now  examined  in  a drop  of  distilled  water  or  very  dilute 
glycerin.  It  is  undesirable  to  use  pure  glycerin  or  strong  salt  solution  on 
account  of  the  shrivelling  of  the  coats  of  the  vessels  and  consequent  con- 
fusion which  is  induced.  The  vessel  can  be  laid  whole  in  picrocarmine  or 
any  other  stain — in  a watery  solution  of  Bismarck-brown  (1  in  300),  for 
example  (Lowenfelcl) — and  examined  in  water  after  a thorough  washing. 
The  nuclear  structures  of  the  vessel  are  clearly  shown  in  this  way.  Such 
water  preparations  can  be  preserved  for  years  unchanged  by  surrounding 
the  cover-slip,  after  its  margin  has  been  allowed  to  dry,  with  dammar 
varnish.  Preparations  in  weak  glycerin  last  better  than  those  in  water 
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only.  For  certain  details  of  structure,  normally  or  pathologically  present, 
the  vessels  must  be  studied  in  section,  after  hardening. 

Certain  peculiarities  of  structure  distinguish  the  blood-vessels  of  the 
interior  of  the  central  nervous  system  from  all  others.  This  is  especially 
true  with  regard  to  the  arrangement  of  the  tunica  adventitia.  On  account 
of  these  peculiarities  it  is  worth  while  to  describe  separately  the  arteries, 
veins,  and  capillaries. 

Genuine  lymphatic  vessels  are  not  found  in  the  brain  or  spinal  cord. 
The  lymph-paths  can  be  shown  to  be  clefts  between  the  tissue-elements. 
Adventitial  and  perivascular  lymphatic  tracts  surround  the  vessels,  and  the 
nerve-cells  lie  in  lymph-spaces. 

(a.)  Arteries. — Four  layers  may  be  distinguished  in  the  coats  of  all 
arteries  of  the  brain-substance,  except  the  smallest.  From  within  outwards 
they  are  named — endothelium,  membrana  fenestrata,  tunica  muscularis, 
and  tunica  adventitia.  The  space  in  which  the  blood-vessel  lies  is  lined  by 
a delicate  limiting  membrane  which  adheres  closely  to  the  brain-substance 
after  the  vessel  is  pulled  out. 

Endothelium  (fig.  75,  a)  is  a delicate  membrane  formed  by  the 
apposition  of  elongated  cells,  the  outlines  of  which  are  brought  out  by 
the  silver  method  of  impregnation.  The  nuclei  of  endothelial  cells  are 
oval  or  hone-shaped,  with  their  long  axes  arranged  in  the  direction 
of  the  vessel.  Lying  on  the  nucleus,  or,  in  some  cases,  partly  in  its 
interior,  is  often  seen  a minute,  strongly-refracting  granule  of  unknown 
meaning. 

If  in  preparing  the  vessel  the  endothelium  has  been  dragged  upon,  it  is 
apt  to  happen  that  clefts  in  the  delicate  endothelial  coat  are  produced, 
which  have  the  appearance  of  the  nuclei  of  fusiform  cells  with  elongated 
processes. 

Membrana  fenestrata  (fig.  75,  5),  which  lies  next  to  the  endo- 
thelium, but  does  not  adhere  tightly  to  it,  is  a coarse  elastic  membrane 
with  a great  tendency  to  arrange  itself  in  longitudinal  plaits.  In  trans- 
verse sections  it  shows  as  a bright  undulating  band.  It  contains  neither 
nuclei  nor  other  cellular  elements.  When  strongly  magnified  it  presents 
numerous  clear  points  (1  holes).  This  membrane  it  is  which  lends  to  the 
larger  arteries,  in  which  it  should  be  specially  studied,  their  look  of 
longitudinal  striation.  Its  existence  is  still  to  be  proved  in  the  smaller 
arteries,  for  it  rapidly  dwindles  in  importance  with  their  diminishing 
calibre.  It  is  not  present  in  the  smallest  vessels  or  in  capillaries. 

Spindle-shaped  plain  muscle-fibres  closely  invest  the  membrana  fenes- 
trata, composing  the  tunica  muscularis  seu  media  (fig.  75,  c).  Without 
exception  these  muscle-fibres  are  disposed  around  the  vessel  with  their 
axes,  and  hence  with  their  fusiform  nuclei  at  right  angles  to  it.  The 
nuclei  of  the  endothelium  and  of  the  muscle-fibres,  therefore,  cross  one 
another  at  right  angles  (figs.  75  and  76).  The  muscle-wall  appears  on  its 
outer  side  distinctly  ribbed,  owing  to  the  elevation  of  its  fibres.  While  in 
the  larger  vessels  the  muscular  coat  is  many-layered  and  constitutes  the 
chief  thickness  of  the  vessel-wall,  it  consists  in  small  arteries  of  but  a 
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single  sheet.  As  the  vessels  diminish  in  calibre  the  muscle-cells  change  in 
shape,  becoming  progressively  shorter  and  broader.  Their  nuclei  change 
in  the  same  sense.  A single  muscle-fibre  is  long  enough  to  make  more 
than  one  circuit  round  a small  vessel. 

In  very  large  cerebral  arteries  longitudinal  bundles  of  connective 
tissue  are  sometimes  to  be  observed  on  the  outer  side  of  the  muscular  coat. 
Usually  the  muscular  coat  stands  free  in  a space  bounded  on  the  outside 
by  the  adventitial  coat,  or,  shortly,  adventitia  (figs.  75,  <7,  and  76).  If 
it  is  isolated  from  the  other  coats  it  appears  as  a delicate  sheet  of  connective 
tissue  sown  with  round  or  oval  nuclei.  On  the  periphery  of  these  nuclei  a 
distinct  protoplasmic  granulation  is  often  visible.  Many  observers  have 


Fig.  75. — A middle-sized 
artery  of  the  brain  so 
torn  as  to  expose  each  of 
its  coats  separately  for  a 
certain  distance.  Magn. 
300. — a,  Endothelium  ; 
b,  membrana  fenestra ta  ; 
e,  tunica  muscularis ; 
d,  adventitia ; e,  pigment. 


Fig.  76. — A small  artery 
from  the  brain.  Several 
clumps  of  pigment  on 
the  adventitia.  Maqn. 
150. 


Fig.  77. — An  artery  from  the 
cortex  cerebri  in  longi- 
tudinal section.  Magn. 
80.  Numbers  of  fine  fibres 
are  seen  streaming  into  the 
brain-substance. 


shown,  by  treatment  with  silver  nitrate,  endothelial  cells  both  on  the 
inside  and  the  outside  of  the  adventitia.  Granules  of  pigment  are  invari- 
ably found  in  the  adventitial  sheath  (figs.  75,  e,  and  76).  More  rarely  fat- 
granules  also  are  present  (fig.  81).  We  shall  speak  of  these  later  on. 

In  sections  of  hardened  brains,  especially  of  animals,  strong  fibres  of 
varying  length  are  often  seen  traversing  the  nerve-substance  to  fix  them- 
selves with  conical  bases  to  the  outside  of  blood-vessels.  Not  rarely  such  a 
fibril  can  be  followed,  in  the  opposite  direction,  to  a stellate  gleia- 
ceU  (fig-  78).  Since  the  adventitia  in  the  hardened  preparation  lies 
close  to  the  muscularis,  and  even  in  the  most  carefully-isolated  vessels  no 
such  processes  arc  to  be  seen  hanging  on  to  the  adventitia,  it  is  necessary 
to  suppose  that  the  tube  of  brain-substance  in  which  the  adventitia  lies  is 


174 


ADVENTITIAL  LYMPH-SPACE. 


lined  with  a limiting  membrane  intimately  connected  with  it  and 
belonging  to  the  neurogleia.  Sometimes  in  sections  which  otherwise  are 
hardly  successful,  one  sees  a great  number  of  these  prolongations  very 
regularly  arranged  (fig.  77). 

The  most  detailed  account  of  this  limiting  membrane  is  that  given  by 
Lloijcl  Anclriezen.  He  states  that  three  kinds  of  connective-tissue  cells 
go  to  form  it.  In  the  membrane  itself  arc  found  cells  (fig.  79,  1)  of  which 
the  processes,  arranged  transversely,  line  the  perivascular  space,  and  cells 
(2),  of  which  the  processes  run  longitudinally  along  the  course  of  the 
vessel.  There  are  found,  besides,  the  oft-mentioned  processes  of  remoter 
cells  (3) ; so  that  the  membrane  must  be  looked  upon  as  a felt-work  of 
connective-tissue  fibres.  Round  the  larger  vessels  it  is  often  of  considerable 
thickness.  Its  physiological  meaning  (at  least  in  part)  may  be  to  protect 
the  brain-substance  from  the  pressure  of  hypersemic  vessels. 


Between  the  adventitia  and  the  muscularis  a considerable  space  is  seen 
in  all  isolated  arteries,  the  adventitial  lymph-space  (Virchow-Robin  space). 
The  outside  of  the  adventitia  between  it  and  the  limiting  membrane  is  also 
surrounded  by  a space,  the  perivascular  space,  or  space  of  His.  By  lymph- 
space  is  meant  in  this  sense  any  lymph-filled  gap  which  may  serve  as  the 
starting-point  of  lymph-vessels.  The  lymph-spaces,  especially  the  peri- 
vascular ones,  serve  for  the  rapid  exchange  of  juices  between  the  plasma 
and  the  several  nervous  elements,  in  which  the  gleial  cells  affixed 
to  them  probably  play  an  important  part.  In  very  favourable  injec- 
tion-preparations from  the  new-born  child  one  can  convince  oneself  that 
tissue-spaces  arc  injected  which  connect  the  perivascular  space  with  the 
space  by  which  every  cell  is  surrounded  (the  pericellular  spaces).  The 
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Fig.  78. — Gleia  - cell  from  the 
medullary  substance  of  the  great 
brain,  from  which  two  processes 
pass  to  a blood-vessel.  Silver 
prep . 


Fig.  79. — Semi-diagrammatic  repre- 
sentation of  the  formation  of  the 
limiting  membrane,  made  by  the 
help  of  Andriezcns  illustrations. 
a,  Adventitia  ; b,  limiting  mem- 
brane ; m,  muscularis ; 1,  gleia- 
cells  with  circular  fibres  lying  in 
the  limiting  membrane;  2,  similar 
cells  with  longitudinal  fibres  ; 3, 
remoter  gleia-cells. 
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pericellular  spaces  are  visible  in  very  thin  sections,  and  occasionally  their 
connections  with  perivascular  spaces  may  be  seen  (fig.  80).  A slender 
crescent-shaped  body  is  sometimes  found  squeezed  against  the  outer  wall  of 
the  pericellular  space.  Friedmann  looks  upon  it  as  the  nucleus  of  an 
endothelial  lining  cell.  According  to  Paladino,  a fine  network  starting 
from  the  supporting  tissue  of  the  grey  substance,  traverses  the  pericellular 
space  to  fix  itself  on  to  the  nerve-cell.  There  may  be  some  confusion  here 
with  the  nerve-endings  described  on  p.  156.  To  exhibit  this  extremely 
fine  network,  small  pieces  of  spinal  cord,  hardened  in  chrome-salts,  are 
placed  for  several  days  in  a solution  (1  in  1000)  of  palladium  chloride 
weakly  acidified  with  hydrochloric  acid,  and  then  transferred  to  a 4 per 
cent,  watery  solution  of  iodide  of  potassium,  in  which  they  must  remain  for 
twenty-four  hours  at  least.  Dehydrate  in  alcohol  and  embed  in  paraffin. 
Even  though  we  allow  that  in  the  hardening  process  the  pericellular  and 
perivascular  spaces  are  increased  in  size,  owing  to  the  shrinking  of  the 


Fig.  80. — Section  fromthecornu  Ammonis, 
showing  perivascular  and  pericellular 
lymph-spaces.  Stained  loith  carmine. 
Magn.  150, — a,  Capillar}'  vessel  in  a 
perivascular  lymph-space  ; b,  pericellu- 
lar lymph-space  directly  continuous 
with  the  former.  Two  leucocytes  are 
seen  in  the  pericellular  space  c,  and  one 
in  the  space  b. 


Fig.  81. — A small  vein 
from  the  brain  - sub- 
stance. Magn.  150. — a, 
A clump  of  fat-granules 
on  a small  lateral 
branch ; b,  an  indis- 
tinctly fusiform  enlarge- 
ment. 


tissues,  the  normal  existence  of  such  spaces  is  proved  by  the  presence 
within  them,  especially  about  the  larger  cells,  of  one  or  more  free  round 
cells.  The  lymphatic  nature  of  these  has  been  denied  by  some  observers ; 
Andriezen  professes  to  distinguish  short  processes  attached  to  them,  but 
cannot  define  precisely  the  meaning  of  the  cells.  It  is  probable  that 
during  the  increase  and  decrease  in  size  of  the  brain  the  lumina  of  the 
canals  lined  by  the  limiting  membranes  are  subject  to  numerous  fluctua- 
tions even  under  normal  conditions.  Within  these  canals  the  complementary 
relations  as  to  area  of  cross-section  of  the  lumen  of  the  vessel,  and  the 
adventitial  and  perivascular  spaces,  is  perpetually  varying.  An  increase  in 
the  lumen  of  the  artery  can  only  occur  at  the  expense  of  one  or  both  of  the 
lymph-spaces. 

(A)  Veins.— Only  three  coats  can  be  recognised.  The  endothelium 
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(fig.  81)  is  distinguished  from  that  of  the  arteries  by  the  rounder  form  and 
less  regular  arrangement  of  the  nuclei. 

The  second  layer,  which  forms  the  proper  vessel-wall,  consists;  except 
for  scattered  plain  muscle- fibres  found  especially  in  the  larger  veins, 
only  of  connective-tissue  structures  with  numerous  irregularly-scattered 
nuclei. 

The  adventitial  lymphatic  coat  is  a delicate  membrane,  essentially 
similar  to  that  already  described  for  the  arteries.  The  points  in  which 
it  differs  will  be  noted  later  on.  It  may  be  assumed  that  the  channels  in 
the  brain -substance  occupied  by  the  veins  are  lined  by  a limiting 
membrane. 


Fig.  82.  — Isolated 
capillaries  from 
the  cerebral  cor- 
tex. Magn.  100. 


(c.)  Capillaries  (fig.  82). — Capillaries  may  be  regarded  as  the  con- 
tinuation across  from  arteries  to  veins  of  the  endothelial  coat  of  the  vessels, 
for  they  consist  of  this  coat  only  with  a closely-adherent 
adventitial  sheath.  The  endothelial  coat  has  acquired, 
from  the  necessities  of  its  independent  position,  a greater 
strength  than  it  possesses  in  the  arteries  and  veins. 

(d.)  Fat  and  Pigment  in  the  Adventitia  of  the 
Brain-Vessels. — It  has  already  been  stated  that  pig- 
ment and  fat-granules  are  to  be  regularly  met  with  in  the 
adventitia  of  the  small  vessels.  A fuller  explanation  of 
the  normal  appearance  is  necessary. 

Numerous  cells  filled  with  drops  of  fat  are  scattered 
throughout  the  brain  of  the  new-born  child — fat  granule-cells.  They  are 
supposed  to  supply  the  material  for  myelin  formation.  Such  fat  granule-cells 
arc  found  hanging  on  to  the  adventitial  sheath  of  the  vessels.  A layer  of 
fat  is  seen  covering  the  adventitia  in  children  in  the  first  few  years  of  life. 
After  the  fifth  year  some  of  the  fat-granules,  especially  about  the  arteries,  are 
always  found  to  have  assumed  a distinct  yellow  colour,  being  changed  into 
pigment.  In  the  brains  of  adults  the  presence  of  cells  containing  yellow  or 
yellow-brown  granules  may  be  looked  for  with  confidence  in  the  adventitia 
of  the  arteries.  The  cells  present  every  gradation  of  granules ; in  some 
they  are  small  and  irregular,  in  others  numerous  and  large.  Many  re- 
agents, concentrated  sulphuric  acid  for  instance,  fail  to  affect  this  pigment. 
Osmic  acid  gives  it,  especially  when  the  pigment  is  light  in  colour,  a shade 
of  grey. 

It  is  quite  otherwise  with  the  adventitia  of  the  veins.  Pigment  is  only 
present  in  small  quantities.  Fat  surrounds  the  veins  in  every  brain 
examined.  It  may  be  scattered  irregularly  over  the  adventitia  in  the  form 
of  small  drops.  Fat  granule-cells  are,  on  the  other  hand,  often  met  with, 
looking  under  a low  power  like  dark  spots  on  the  vessels.  Fat-granules 
and  fat  granule-cells  are  sometimes  scattered  over  the  adventitia  (fig.  81); 
sometimes  they  form  a ring  around  the  vessel,  giving  to  it  a fallacious 
appearance  of  fusiform  enlargement. 

It  must  be  granted  that  the  fat  in  the  adventitia  is  a remnant  of  the 
embryonal  period ; later,  it  undergoes,  especially  in  the  region  where 
metabolism  is  most  active,  a chemical  change  into  pigment,  probably  by 
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oxidation.  The  pigment  is  not,  therefore,  a degeneration-product  of  blood- 
pigment  which  has  transuded  from  the  vessels.  In  all  its  chemical 
characters  it  differs  from  blood-pigment,  and  is  to  be,  equally  with  the  fat, 
looked  upon  as  a normal  appearance.  The  oxidation  of  fat  into  pigment 
occurs  to  a less  extent  around  the  veins,  owing  to  the  small  amount  of 
oxygen  which  the  blood  in  these  contains. 

(e.)  Pathological  changes  in  the  small  Brain-Vessels. — In 
considering  changes  in  the  vessels  it  is  necessary  in  the  first  place  to 
determine  which  coat  of  the  vessel  is  diseased,  for  the  process  is  quite 
different  in  the  several  coats.  Disease  of  the  adventitia  contrasts,  for 
example,  with  disease  of  the  muscularis. 

It  is  worthy  of  remark,  too,  that  one  often  meets  with  alterations  of  the 
vessel-walls  of  the  brain  which  have  given  rise  to  no  symptoms  during  life, 
but  which  yet  are  distinctly  pathological  in  their  nature  even  if  they  are 
not  serious  enough  noticeably  to  affect  the  nutrition  of  the  brain. 

Granular  pigment,  which  might  easily  be  mistaken  for  normal  blood- 
pigment,  is  found  in  the  brain  as  a residuum  of  haemorrhages,  and  perhaps 


Fig.  83. — Cells  with 
hsmatoidin  crystals 
from  the  walls  of  an 
old  apoplectic  clot. 
Magn.  200. 


Fig.  84. — A moderate-sized 
artery  from  the  corpora 
striata,  with  numerous  pig- 
ment-cells in  its  adventitia. 
Magn.  80. 


Fig.  85. — Capillary  vessel 
from  a case  of  melamemia. 
Magn.  200. 


also  as  the  consequence  of  prolonged  hypertemia.  Hsematoidin  (the 
name  given  to  this  pigment)  differs  from  normal  blood-pigment  in  certain 
unmistakable  respects.  In  colour  it  is  a browner  red,  and  it  shows  a 
tendency  to  crystallise  in  rhombic  prisms,  which  may  be  found  in  the  fat- 
granule  cells,  sometimes  several  together  (fig.  83).  A similar  pigment 
derived  from  the  blood  is,  as  a rule,  found  in  the  surrounding  brain- 
substance.  If  the  characters  are  not  sufficient  to  differentiate  the  pigment, 
its  chemical  behaviour  affords  an  unmistakable  test.  On  addition  of 
concentrated  sulphuric  (or  other  mineral)  acid  the  pigment  passes  through 
a series  of  colour  changes,  becoming  green,  blue,  violet,  and,  finally,  dis- 
solving. This  reaction  can  easily  be  obtained  with  any  piece  as  large  as  a 
millet  seed  from  the  contents  of  an  old  haemorrhagic  cyst.  Even  after  the 
brain  has  been  hardened  in  chromic  acid,  a very  small  piece  placed  on  a 
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slide  and  allowed  to  dry  affords  this  play  of  colours  on  addition  of  the 
acid.  The  blue-green  spots  are  visible  to  the  naked  eye. 

A peculiar  pigmentation  is  sometimes  met  with  in  the  adventitia  of  the 
vessels  which  enter  at  the  base  of  the  brain.  Elongated  cells,  with  thick 
knotty  processes,  are  quite  filled  with  dark-brown  pigment.  The  nucleus 
alone  appears  light,  as  if  it  were  a space  punched  out  of  the  cell  (fig.  84). 
Besides  these,  many  round  pigment  cells  are  seen  scattered  singly  or 
united  into  chains.  Such  cells  occur  normally  in  the  pia  mater,  especially 
on  the  ventral  surface  of  the  medulla  oblongata.  No  pathological  import- 
ance, therefore,  attaches  to  them.  They  have  simply  been  drawn  up 
along  the  course  of  the  vessels  from  the  meninges  into  the  substance  of  the 
brain. 

A fourth  kind  of  pigment  is  to  be  mentioned,  having  its  origin  in  the 
blood,  and,  therefore,  not  belonging  to  the  adventitia,  although  occasionally 
fixing  itself  in  it.  This  pigment,  melanin,  occurs  in  the  brains  of  people 
who  have  suffered  from  violent  epilepsy  (fig.  85).  It  appeal's  as  very  fine 
black  granules,  which  are  contained  in  the  red  blood-corpuscles,  seldom 
adhering  to  the  walls  of  the  vessels  and  very  rarely  occurring  on  the 
outside,  and  gives  to  the  brain-substance  a striking  grey  colour.  This 
pigment  also  offers  great  resistance  to  chemical  reagents.  It  is  easily  seen 
that  the  blood-corpuscles  carry  these  pigment-granules,  for  large  granules 
are  found  in  emboli  which  have  led  eventually  to  rupture  of  the  vessel. 

Collections  of  fat  in  the  adventitia  may  also  attain  to  pathological 
importance,  as,  for  instance,  in  cases  of  softening  of  the  brain  and  spinal 
cord.  It  is  not  possible  to  place  a limit  upon  the  amount  to  which 
accumulation  of  fat-granules  in  the  adventitia  may  attain  in  health.  In 
disease  the  quantity  becomes  so  great  that  the  vessels  appear  to  the  naked 
eye  as  thick  yellowish-white  columns. 

Fatty  degeneration  of  the  muscular  coat  presents  essentially 
different  features  (fig.  86).  In  the  earliest  stage  of  this  condition  bright 
shining  fat-drops  appear  between  the  muscular  fibres  of  the  arteries. 
Later  on  the  fat-granules  fill  the  muscle-fibres  themselves,  which  become 
dull  in  appearance,  their  nuclei  lose  their  distinctness,  and  the  muscle-coat 
constitutes  simply  a dim  yellowish  tube  invested  by  the  adventitia. 
Although  such  arteries  with  fattily  degenerated  media  must  have  lost 
considerably  in  resistance  and  elasticity,  they  may  be  found  in  quite 
healthy  brains,  even  of  young  people.  It  must  be  unconditionally 
accepted,  however,  that  such  a condition  gives  a tendency  to  rupture  of 
the  vessels,  and  consequent  haemorrhage. 

Calcification  of  the  vessels  is  not  rare.  It  occurs  under  different 
forms.  Simple  calcification  of  the  media  (fig.  87),  is  to  be  met  with  in 
healthy  persons,  even  children.  Calcification  may  occur  in  patches,  or 
the  whole  artery  may  be  converted  into  a tube  of  chalk  invested  by  its 
adventitia.  Examined  microscopically,  the  vessels  look  like  white  threads. 
They  grate  when  pressed  upon  with  a needle.  Angular  fragments  of 
these  calcified  tubes  are  seen  in  sections.  To  make  quite  sure  of  their 
nature,  a drop  of  sulphuric  acid  is  allowed  to  run  in  under  the  cover-slip, 
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when  bubbles  of  carbonic  acid  gas  escape,  and  crystals  of  sulphate  of  lime 
make  their  appearance. 

The  second  form  of  calcification  of  vessels  has  a more  important 
pathological  significance.  It  begins  in  the  adventitia,  but  soons  extends 
beyond  the  limits  of  this  coat,  bulging  into  the  brain-substance  as 
rounded,  knotty,  chalky  structures  (fig.  88).  The  more  advanced  phases 
of  this  process  are  only  found  as  concomitauts  of  other  diseases  of  the 
brain. 


Fig.  86. — Fatty  degener- 
ation of  tlie  muscular 
coat  of  a cerebral 
artery.  Magn.  150. 


Fig.  87. — Calcification  of 
the  muscular  coat  of  a 
vessel  of  the  brain. 
Magn.  150. 


Fig.  88. — Calcification  of  au 
artery  of  the  brain  affect- 
ing the  adventitia  as  well 
as  its  other  coats.  Magn. 
150. 


Calcification  of  the  capillary  network  is  sometimes  met  with  in  circum- 
scribed regions ; in  the  globus  pallidus  ( Wallenberg)  and  the  nuclear  layer 
of  the  cerebellum,  for  instance. 

Connective-tissue  overgrowths  originating  in  the  media  affect  especially 
the  veins.  At  first  the  lumen  of  the  vessel  is  not  altered,  while  its  circum- 
ference is  increased ; therefore  the  endothelium  as  well  as  the  adventitia 
remain  intact.  Fusiform  hypertrophy  of  the  vessels  of  the  brain  is 
thus  produced  (figs.  81  and  89),  especially  at  the  spots  where  the  brain- 
vessels  give  off  numerous  fine  branches,  almost  at  a right  angle,  as,  for 
example,  the  vessels  going  into  the  brain  from  the  great  veins  at  its  base  or 
the  finest  branches  of  the  meningeal  arteries  which  are  destined  for  the 
surface  of  the  cortex  ( Neelsen ).  As  the  process  advances  the  lumen  of  the 
vessel  is  diminished,  even  to  obliteration.  The  adventitia  is  drawn  into  the 
process.  The  part  of  the  vessel  in  front  of  the  overgrowth,  now  put  out  of 
function,  dwindles  to  a connective-tissue  thread  (fig.  89).  This  kind  of 
obliteration  of  the  vessels  is  commonest  in  the  veins,  and  especially  in  the 
veins  of  old  atrophied  brains.  After  the  fiftieth  year  it  can  also  be  found 
in  almost  every  case  in  the  arteries.  Even  in  children’s  brains  it  is  not 
invariably  absent. 
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Very  extensive  connective-tissue  hypertrophy  of  the  vessel- wall,  often 
accompanied,  however,  by  considerable  enlargement  of  the  lumen  of  the 
vessel,  is  met  with  in  places  where  the  nervous  tissue  is  sclerosed.  It 
occurs  also  as  the  result  of  irritation — the  inflammation  which  surrounds 
tumours,  for  example. 

In  the  brains  of  animals  affected  with  rabies,  Golgi  found  frequent 
karyokinesis  of  the  nuclei  of  the  muscle-fibres  of  the  vessel-wall ; in  a small 


Fig.  89.  —A  vein  from  the  brain  showing 
fusiform  hypertrophy  of  its  lateral 
venules  resulting  in  their  obliteration. 
Magn.  150. 


Fig.  90.  — Pseudo  - hypertrophy  of  the 
muscular  coat  of  an  artery  of  the 
brain.  Magn.  150. 


Fig.  91.  — Athero- 
matous degenera- 
tion of  the  tunica 
intima  of  an  artery 
of  the  brain,  The 
dark  patches  of 
atheroma  are  seen 
to  reach  no  farther 
than  the  muscular 
coat,  which  ap- 
pears as  a bright 
crenulated  seam 
sharply  marked 
off,  both  from  the 
lumen  and  the 
surface  of  the 
tube,  differing  in 
this  respect  from 
fig.  75.  Magn.  150. 


number  of  cases  he  could,  in  addition,  see  such  division-figures  also  in  the 
connective-tissue  epithelium  and  nerve-cells  throughout  the  whole  nervous 
system. 

A form  of  degeneration  of  the  muscular  coat,  especially  important  in 
connection  with  haemorrhages,  is  the  condition  known  as  pseudo- 
hypertrophy (granular  degeneration).  In  groups  of  muscle-fibres  fine 
roundish  granules  make  their  appearance the  granulation  increases,  the 
fibres  fuse  together,  and  so  an  opaque,  usually  wedge-shaped  mass  is 
formed,  the  rounded  base  of  the  wedge  projecting  somewhat  beyond  the 
general  periphery  of  the  media  (fig.  90).  A granular  disintegration  of  the 
muscularis  supervenes  for  a longer  or  shorter  extent  of  the  vessel-wall 
(Loicenfeld). 
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Fatty  atheroma  of  the  intima  is  recognised,  as  a rule,  by  the 
dark  granular  patches  on  the  inside  of  the  vessel,  the  subjacent  musculaiis 
remaining  unchanged  (fig-  91).  If  a teased  vessel  mounted  in  glycerin  is 
under  examination,  it  is  often  possible  to  loosen  some  of  these  atheromatous 
patches  by  pressing  on  the  cover-slip ; the  detached  piece  floats  about 
freely  within  the  tube  until  it  gets  wedged,  as  a rule  at  the  point  of  junc- 


Fig.  92. — Beaded  en- 
largement of  a 
large  artery  of  the 
brain.  Magn.  50. 


Fig.  93.  — Miliary  aneurysm 
of  very  small  vessels.  The 
dilatations  are  partly  filled 
with  blood.  Magn.  50. 


tion  of  two  branches.  This  gives  us  an  idea  of  the  process  by  which  an 
embolus  is  formed  in  a small  artery.  When  more  strongly  magnified  it 
shows  an  amorphous  mass  containing  shining  fat-granules.  In  many  cases 
of  apoplexy  such  atheromatous  degeneration  is  visible  in  the  arteries,  and 
hence  it  is  possibly  not  an  unusual  condition,  especially  in  old  brains. 

Colloid  degeneration  is  a not  uncommon  condition  of  the  vessels  of 


Fig.  94. — Aneurysmata  dissecantia  from  the  neighbourhood  of  an  apoplectic  lesion. 

Magn.  50. 

the  spinal  cord ; their  walls  are  converted  into  a shining  hyaline  mass, 
taking  a deep  colour  with  carmine.  More  than  one  condition  distin- 
guished by  special  chemical  reactions  is  included  under  the  name  of 
colloid  degeneration. 
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There  is  also  a hyaline  degeneration  of  the  brain-vessels,  in  which  the 
substance  termed  * hyaline  ’ soaks  through  the  vascular  wall  and  clings  to 
its  outer  surface  in  fairly  even  drops. 

Aneurysm  of  the  brain-vessels,  especially  localised  aneurysm,  occurs  in 
various  forms.  Paralytic  dilatations  of  the  small  arteries  are  to  be  seen  in 
the  brains  of  chronic  lunatics  (fig.  92) ; a striking  irregularity  in  the  calibre 


Fig.  95. — Ampullar  dilata- 
tion of  the  adventitial 
lymph-space  surrounding 
an  artery  of  the  brain. 
Magn.  50. 


Fig.  96. — Packing 
of  an  adventitial 
lymph  - space 
with  leucocytes. 
Magn.  100. 


of  the  vessels  characterises  them.  The  muscularis  exhibits  a series  of  bead- 
like dilatations  separated  by  constrictions.  They  are  caused  by  deficient 
innervation  of  the  vessel-wall  — a condition  of  partial  paralysis,  or  by 
sclerosis  of  the  artery.  A higher  form  of  the  condition  constitutes  miliary 
aneurysm,  which,  however,  may  also  arise  in  other  ways  ( Lowenfeld ). 
Larger  and  smaller  aneurysmal  dilatations  are  especially  common  in  the 
neighbourhood  of  apoplectic  lesions ; but  it  would  be  a mistake  to  suppose 
that  all  haemorrhages  are  due  to  the  rupture  of  such  dilated  vessels  (fig.  93). 
The  small  aneurysms  are  often  due  simply  to  the  swelling  of  the  adventitial 
sheath  from  the  unequal  distribution  of  the  extravasated  blood  within  it 
(aneurysmata  dissecantia,  fig.  94). 

Miliary  aneurysms  are  generally  found  in  the  small  arteries  and  capil- 
laries. They  are  more  numerous  the  smaller  they  are.  For  the  most  part 
they  are  globular  or  fusiform,  and  situate  on  the  side  of  the  vessel,  with 
which  they  are  sometimes  connected  by  a stalk.  They  are  very  rare  in  the 
vessels  of  the  spinal  cord  ( Borgherini , Heboid). 

The  adventitia  may  also  be  hypertrophied  in  certain  situations; 
sacciform  dilatations  of  the  vessels  are  thus  formed  in  otherwise  healthy 
brains.  When  they  reach  a certain  size  they  make  conspicuous  spots  in  the 
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brain-tissue,  which  are  to  be  looked  upon  as  lymph-cysts  (fig.  95). 
When  these  dilatations  of  the  adventitia  are  large  and  freely  scattered 
throughout  the  brain-substance  a sieve-like  appearance  is  produced,  tho 
etat  cable,  as  it  has  been  termed,  which  is  sometimes  to  be  seen  in  the 
brains  of  old  people.  Spaces  exactly  similar  in  appearance  are  produced 
when  by  shrinking  of  the  nervous  tissue  the  perivascular  spaces  are  dragged 
upon  and  enlarged.  The  very  similar  appearance  sometimes  produced  by 
changes  in  the  myelin-sheath  of  large  nerve-fibres  (Inssafe)  must  not  be 
confounded  with  the  true  etat  cable. 

Cystic  formations  are  commonest  in  the  grey,  sieve-like  degenerations 
in  the  white  substance. 

The  formation  of  new  vessels  Inis  frequently  been  described,  chiefly  in 
relation  to  the  substance  of  the  cortex.  As,  however,  there  is  no  space 
prepared  for  the  reception  of  such  comparatively  large  objects  as  vessels, 
an  overgrowth  by  proliferation  from  the  existing  vessels  could  only  take 
place  at  the  expense  of  other  tissue  elements.  In  many  of  the  cases 
described  there  is  certainly  no  new  formation;  what  happens  is  that  capil- 
lary loops,  which  in  ordinary  circumstances  might  easily  be  overlooked,  are 
more  distended  with  blood  and  therefore  show  more  distinctly. 

The  contents  of  the  adventitial  lymph-spaces  deserve  especial 
consideration. 

When  the  cover-slip  is  made  to  press  upon  and  so  spread  out  the 
adventitia  its  spaces  are  seen  to  contain  certain  formed  elements,  amongst 
which  lymph-corpuscles  are  the  chief.  Besides  these,  drops  of  fat,  pigment- 
granules,  vesicular  cells  of  very  large  size  (altered  leucocytes,  perhaps),  and 
even  blood-corpuscles,  are  also  seen  within  this  space.  The  presence  of 
many  red  blood-corpuscles  suggests  aneurysma  dissecans,  a rupture  of  the 
inner  coat  rather  than  pure  diapedesis. 

The  quantity  of  leucocytes  within  the  adventitial  lymph-space  may  be 
so  great  that  the  muscular  coat  appears  to  have  a distinct  covering  of  them. 
This  condition  (which  has  been  mistaken  for  nuclear  proliferation,  but  is, 
in  fact,  due  to  increased  emigration  of  white  blood -corpuscles)  is  met  with 
in  inflamed  and  hypersemic  conditions  of  the  brain  and  also  in  progressive 
paralysis  (fig.  96). 

The  elements  already  described  are  normally  present  in  the  lymph 
space ; but  distinctly  pathological  products  also  are  to  be  found  within  it. 
In  purulent  meningitis  these  spaces  are  filled  for  some  distance  down  into 
the  brain-substance  with  pus-corpuscles. 

Of  great  importance  is  the  appearance  of  neoplastic  elements  (sarcoma- 
and  carcinoma-cells)  in  the  lymph-spaces,  especially  in  the  neighbourhood 
of  tumours.  It  shows  that  in  the  brain  the  lymph-paths  are  the  most 
important  tracts  along  which  such  growths  extend. 

In  syphilis  accumulations  of  peculiar  cells  are  found  in  the  adventitial 
lymph-spaces.  The  cells  are  large,  transparent,  nucleated,  and  not  unlike 
the  cells  of  embryonal  tissue.  Further,  there  are  to  be  found  in  the  same 
situations  (and  also  within  the  perivascular  spaces  in  cases  of  long-standing 
infantile  paralysis  \Leyden,  Goldscheider ] and  in  myelitic  lesions)  accumu- 
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lations  of  cells  like  the  cells  of  endothelium.  Endothelial  cells  may  also  be 
heaped  up  into  papillose  excrescences  of  the  adventitia  (Arndt). 

In  various  inflammatory  conditions  in  the  spinal  cord,  and  also  in 
rabies,  a peculiar  structureless  colloid  mass  is  found  to  be  discharged 
around  the  arteries,  especially  the  larger  ones.  It  stains  more  or  less 
strongly  with  carmine ; when  this  mass,  which  originates  in  the  blood, 
saturates,  as  it  may  do,  the  arterial  wall  itself,  it  gives  to  it  when  stained 
a peculiar  brilliance.  Similar  colloid  effusions  are  sometimes  to  be  seen 
around  the  arteries  in  otherwise  normal  cords. 

Lastly,  attention  must  be  called  to  the  fact  that  the  contents  of 
the  vessels  also  deserve  consideration.  Often  the  blood  within  them 
remains  almost  unchanged.  In  other  cases  it  is  coagulated  in  a special 
manner,  a central  cord  of  fibrin  surrounded  by  a network  of  threads  filling 
up  the  vessel.  The  endothelial  coat  may  be  loosened  and  lying  in  the 
lumen.  The  coagulation  takes,  at  other  times,  a different  form  without 
our  being  able  to  trace  the  influence  upon  it  of  local  causes;  peculiar 
shining  globular  masses  of  coagulum  are  seen  lying  either  separately  or 
associated  in  groups ; but,  still,  they  are  only  products  of  the  blood-plasma. 

Special  attention  must  be  called  to  the  constituents  of  the  emboli  which 
block  the  vessels.  At  times  (as  in  leukaemia)  they  are  formed  by  roundish 
masses  of  white  blood-corpuscles ; or,  again  (after  fractures),  the  emboli 
consist  of  drops  of  fat ; or  they  may  be  formed  (in  epilepsy)  of  the  peculiar 
pigment  already  mentioned,  or,  in  still  other  cases,  of  atheromatous  patches 
detached  from  the  vessel-wall.  Pieces  of  inflammatory  lymph  from  the 
heart  or  great  vessels  arc  only  exceptionally  carried  as  far  as  the  small 
intra-cerebral  vessels.  The  elements  of  neoplasms  which  have  found  their 
way  into  the  blood,  and  even  bacteria,  occur  in  the  emboli  of  brain-vessels. 
One  must  be  cautious,  however,  in  the  last  case  to  exclude  the  products  of 
post-mortem  putrefaction. 

Not  seldom  such  diseases  of  the  vessel-walls  as  aneurysm  or  calcification 
are  limited  to  certain  layers  of  the  cortex  of  the  cerebrum  and  cerebellum. 
So,  too,  with  regard  to  the  contents  of  the  vessels,  special  forms  of  coagulum 
may  distinguish  particular  strata  of  the  cortex.  This  fact  makes  it  appear 
probable  that  the  several  layers  of  the  cortex  are,  up  to  a certain  point  at 
any  rate,  independent  of  one  another  in  respect  to  the  nutrition  and  inner- 
vation of  their  vascular  networks. 


OTHER  TISSUE-ELEMENTS  WHICH  OCCUR  IN 
THE  CENTRAL  NERVOUS  SYSTEM. 

Besides  those  elements  already  described,  which  actually  take  part  in 
building  up  the  central  nervous  system,  there  are  others  which  always,  or 
almost  always,  put  in  an  appearance  when  the  nervous  system  is  diseased, 
and  afford  by  their  nature  and  arrangement  important  evidence  as  to  the 
character  of  pathological  processes. 

(1)  Free  cells  (migratory,  or  lymphoid  cells)  indistinguishable  from 


AMYLOID  BODIES. 


185 


leucocytes,  are  to  be  met  with  in  all  parts  of  the  central  nervous  system, 
into  which  they  probably  migrate  from  the  blood-vessels.  In  pathological 
conditions,  inflammatory  processes  especially,  their  number  may  bo  largely 
increased. 

(2)  Fat  granule-cells,  already  repeatedly  noticed,  are  perfectly 
round  cells  with,  usually,  distinct  nuclei,  and  filled  out  with  brilliant 
round  drops  of  fat  (fig.  97).  As  a rule,  they  are 
lymphoid  cells,  which  have  either  stuffed  themselves 
with  fat  for  the  purpose  of  transferring  it  to  developing 
medullated  nerves ; or  else  have  taken  into  their 
substance,  with  a view  to  eventually  carrying  it  away, 
the  fat  set  free  in  the  degeneration  of  such  medullated 
fibres.  When  rapid  degeneration  is  taking  place  at 
any  spot,  as  in  encephalitic  lesions,  drops  of  myelin 
are  shown  by  Wcigert’s  method  of  colouring  to  be 
present  in  quantities  in  neighbouring  fat  granule-cells. 

Whether  fat  granule-cells  are  also  formed  from  nerve- 
cells  and  connective-tissue  cells  by  fatty  degeneration  must  be  left,  as  yet, 
an  open  question.  Even  the  plain  muscular  fibres  of  the  vessels  are  sup- 
posed when  fattily  degenerated  to  have  a similar  fate  ( Huguenin ). 

The  presence  of  fat  granule-cells  is  most  easily  detected  by  squeezing 
a little  piece  of  the  fresh  tissue  under  the  cover-slip.  They  are  always  to 
be  looked  for  when  degenerations  are  occurring  in  the  spinal  cord  as  well  as 
in  embolic  lesions  of  the  brain.  Under  a low  power  they  appear  as  distinct 
dark  spots;  an  estimate  as  to  their  quantity  may  be  made  in  this  way. 
When  they  are  very  numerous,  lying  in  heaps,  yellowish  white  flakes  and 
stripes,  dark  in  transmitted  light,  are  visible,  even  with  the  naked  eye. 
One  great  advantage  of  Marchi’s  method  of  osmium  - staining  is  that  it 
enables  us  to  distinguish  fat  granule-cells  in  sections  as  black  globular 
bodies. 

(3)  Amyloid  bodies  are  seen  under  the  microscope  as  clear,  strongly 
refracting,  round  or  oval  bodies  characterised  by  their  brilliancy  when 
slightly  magnified.  Unlike  the  granules  of  vegetable  starch,  they  do  not 
appear  to  consist  of  concentric  layers,  though  in  the  larger  corpuscles  a 
round  kernel  and  an  outer  husk  can  be  distinguished.  Unlike  vegetable 
starch  again,  they  are  not  doubly-refracting.  Dilute  tincture  of  iodine 
stains  them  a light  blue  colour,  the  subsequent  addition  of  a little  sulphuric 
acid  turns  them  a deep  violet.  The  reaction  is  generally  successful,  even  in 
sections.  When  stained  with  alum-haematoxylin  they  assume  a fine  blue 
colour.  Generally  speaking,  they  take  all  nuclear  stains  readily. 

They  are  most  numerous  in  later  life,  and  are  particularly  common  in 
regions  in  which  much  neuroglcia  is  present;  although  even  there  they 
show  a preference  for  some  situations  rather  than  others  ( Redlich ).  One 
may  count  upon  finding  them  in  the  cord  of  persons  over  forty  years  of 
age,  especially  in  the  layer  of  grey  cortex  on  the  periphery,  the  largest 
numbers  being  usually  collected  about  the  point  of  exit  of  the  posterior 
roots.  Starting  from  the  periphery,  they  can  be  seen  scattered  freely  along 


Fig.  97. — Two  fat- 
granule  cells  from 
the  spinal  cord. 
The  area  in  which 
they  occurred  was 
secondarily  degen- 
erated. Macjn.  250. 
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the  septa  and  vessels.  They  are  thickest  in  the  white  substance  of  the 
posterior  columns.  Places  in  which  they  are  almost  invariably  to  be 
found  in  the  brains  of  old  persons  are — the  outermost  layer  of  the  cortex 
cerebri  ( Kostjurin ),  the  neighbourhood  of  the  chiasma  nervus  opticorum, 
the  septum  pellucidum,  and,  last  but  not  least  important,  the  tractus 
olfactorius.  Both  in  the  spinal  cord  and  cerebral  ventricles  they  are 
frequently  met  with  in  the  deepest  strata  of  the  ependyma. 

Generally  speaking,  no  pathological  process  seems  greatly  to  influence 
the  appearance  of  these  bodies,  excepting  the  gradual  atrophying  processes 
of  which  senile  atrophy  may  be  taken  as  the  type.  Large  quantities  of 
them  are  occasionally  found  in  the  ependyma  of  the  cornu  Ammonis  when 
it  is  sclerosed  in  epilepsy. 

No  satisfactory  explanation  of  their  origin  has  yet  been  given,  but  by 
far  the  most  likely  supposition  is  that  they  develop  from  the  nuclei  of  the 
ncurogleia  ( Rindfleisch  and  Redlieh).  The  substance  of  which  they  are 
composed  is  not  really  related  to  starch,  but  to  albumin.  It  is  very 
doubtful  whether  they  result  from  chemical  changes  in  the  disintegrating 
nerve-fibres,  but  it  is  noteworthy  that  they  have  been  identified  with 
certainty  in  no  organ  out  of  the  central  nervous  system,  except,  perhaps, 
the  lungs.  The  so-called  amyloid  bodies  of  the  prostate  glands  are  concre- 
tions of  quite  another  character. 

Bevan  Leivis  gives  the  name  of  colloid  bodies  to  round  nodules  very 
similar  to  the  last,  with  a diameter  of  from  6 to  40  //..  They  are  perfectly 
transparent  and  homogeneous,  stain  weakly  with  hacmatoxylin,  and  are 
quite  unaffected  by  carmine,  aniline  colours,  iodine,  and  sulphuric  acid. 
They  are  said  to  originate  from  the  degeneration  of  nerve-fibres,  and 
frequently  appear  in  large  quantities  in  the  brain  and  spinal  cord  in  the 
most  divergent  forms  of  central  disease.  They  are  almost  entirely  confined 
to  the  white  matter  or  those  parts  of  the  grey  which  are  most  richly 
supplied  with  medullated  fibres. 

(4)  The  central  nervous  system  also  contains  within  itself  the  elements 
of  the  various  neoplasms  which  have  their  seat  there. 

(5)  Leber’s  corpuscles  are  strongly  refracting  transparent  globular 
bodies,  about  as  large  as  the  nuclei  of  the  largest  nerve-cells,  which  appear 
to  be  formed  in  the  inside  of  the  non-medullated  nerves  to  which  they  are 
found  attached.  They  are  described  under  this  name  by  Vincenti.  They 
are  supposed  to  be  essentially  different  from  amyloid  bodies  in  chemical 
constitution,  and  are  found  especially  where  nerve-substance  is  affected  by 
a tumour. 

(6)  Various  bacteria,  as,  for  example,  the  bacilli  of  typhus  and  splenic 
fevers  ( Curschmann ),  migrate  into  the  central  nervous  system,  where  their 
presence  may  be  revealed  cither  by  the  microscope  or  by  cultural  experi- 
ments. By  agglomeration  in  the  finer  blood-vessels  they  may  even  give 
rise  to  embolism  (rf.  p.  184). 


BIBLIOGRAPHY. 


187 


Literature. 

Nerve  Fibres. — Schulze,  M.,  xYllgemeines  iiber  die  Structur  der 
Nervenelemente,  Strieker’s  Handbuch,  18/1.  Axel  Eey  and  Iletzius , Studien 
in  der  Anatomie  des  Nervensy  stems,  Arch.  f.  mikrosk.  Anatomic,  1873. 
Ranvier , Lemons  sur  l’histologie  dn  systeme  nerveux.  Paris,  1878.  2 vols. 

Mayer,  Sicjm.,  Ueber  Yorgiinge  der  Degeneration  und  Regeneration  im 
nnversehrten  peripheren  Nervensystem.  Zeitschr.  f.  Heilkunde,  II.,  1881. 
Fleischl,  E.,  Ueber  die  Beschaffenheit  des  Axencylinders.  Beitriige  zur 
Anatomio  und  Physiologic.  Ludwig’s  Festsclir.  Leipzig,  1875.  Freud,  S., 
Ueber  den  Ban  der  Nervenfascrn  und  Nervenzellen  beim  Flusskrebs, 
Sitzungsber.  d.  Wr.  Akad.  d.  Wissensch.,  LXXXV.,  1882.  Kupffer,  Ueber 
den  Axencylinder,  Sitzungsber.  d.  Akad.  d.  Wissensch.  zn  Munchen,  1883. 
Jacobi,  E.,  Zum  feineren  Bau  der  peripheren  markhaltigen  Nerveufaser. 
Verh.  d.  physik.-medic.  Gesellschaft  zu  Wurzburg,  1886.  Doveri,  Beitriige 
zur  Kenntuiss  der  Nervenfascrn.  Abhandl.  d.  k.  buyer.  Akad.  d.  Wissensch., 
1885.  Fertile,  Untersuchungen  iiber  die  Nerveufaser.  Arch.  f.  mikr.  Anat. 
XIX.  Apathy,  Nach  welcher  Richtuug  bin  soli  die  Nervenlehre  reformirt 
werdenl  Biolog.  Centralblatt,  IX.,  1889.  Joseph,  M.,  Sitzungsber.  d. 
Akad.  d.  Wissensch.  zu  Berlin,  1888.  Heitzmann,  The  Journ.  of  Nerv.  and 
Ment.  Diseases,  1890.  Leydig,  Untersuchungen  zur  Anatomie  und  His- 
tologie  d.  Thiere.  Bonn,  1883.  Nansen,  Bergen’s  Museums  Aarsberet- 
ning,  1886,  and  Anatom.  Anz.,  1888.  Retzius,  Der  Bau  des  Axencylinders. 
Biolog.  foreningens  forhandl.,  1889.  Frommann,  Ueber  die  Fiirbung  der 
Binde-  und  Nervensubstanz  durch  Argentum  nitricum.  Virchow’s  Archiv, 
XXXI.  Rail,  Ueber  geschichtete  Niederschliige.  Sitzungsber.  d.  k.  Ak. 
Wien,  CII.,  1893.  Fischel,  A.,  Arch.  f.  mikr.  Anat.,  XLII.  Arndt,  Etwas 
iiber  die  Axencylinder.  Virchow’s  Arch.,  LXXVIII.  Boll,  Ueber  Zerset- 
zungsbilder  der  markhaltigen  Nervenfaser.  Arch.  f.  Anatomie  und  Physi- 
ologic, 1877.  Diomedow,  Naturf.  Ges.  zu  Kasan,  1890.  Ambronn,  Das 
opt.  Verhalten  d.  Nervenfasern.  Leipz.  Sitzungsber.,  1890.  v.  Finer,  Unter- 
suchungen. Leipzig,  1882.  Raicitz,  Die  Ranvier’ schen  Einschniirungen. 
Arch,  fiir  Anatomie  und  Physiologie,  1879.  Porter,  Quart.  Journ.  of 
Micros.  Sci.,  1890.  Schmidt,  H.  D.,  On  the  Construction  of  the  Dark  or 
Double-bordered  Nerve-fibre.  Monthl.  Micr.  Journ.,  1874.  Lantermann 
Bemerkungen  iiber  deu  feineren  Bau  der  markhaltigen  Nervenfasern. 
Centralblatt  f.  d.  medic.  Wissensch.,  1874.  Zawerthal,  Contribuz.  alio 
studio  anatomico  della  fibra  nervosa.  Rend.  d.  R.  Acad.  d.  Scienz.  fis. 
e medic.,  1874.  Gad  and  Hcymanns,  Ueber  das  Myelin.  Archiv.  f. 
Physiologie,  1890.  Kulmt,  Die  marldialtige  periphere  Nervenfaser.  Dis- 
sertation, Wiirzburg,  1876.  Ewald  and  Kiihne,  Ueber  einen  neueti 
Bestandtheil  des  Nervensystems.  Verhandl.  d.  nat.-medic.  Ver.  Heidel- 
berg,  I.  Stilling,  B.,  Ueber  den  Bau  der  Nervenprimitivfaser  und 
Nervenzelle,  1856.  Paladino,  Della  Continuazione  del  Neuroglio  nello 
schclctro  mielinico.  R.  d.  R.  Accad.  d.  Sc.  Napoli,  1892.  Plainer,  Eine 
ncuc  Methode  zur  Darstellung  des  Neurokeratingeriistes.  Zeitschr.  f. 


188 


BIBLIOGRAPHY. 


wissensch.  Mikrosk.,  YI.,  1889.  Beer,  Th.,  Ueber  die  Verwendbarkeit  der 
Dinitroresorcinfarbung.  Arb.  a.  d.  Inst.  f.  A.  u.  P.  d.  Centralnerv.  Wien, 
I.,  1892.  Goliji,  Sulla  struttura  delle  fibre  nervose  midollate.  Arch.  p.  1. 
scienze  mediche,  1880.  Rezzonico,  Sugli  apparati  spirali  delle  fibre  nervose 
midollate  centrali.  Att.  de  IV.  Congr.  fren.  Ital.,  1883.  Schwalbe,  Ueber 
die  Caliberverhaltnisse  der  Nervenfasern.  Leipzig,  1882.  Kuhne  and 
Steiner,  Unters.  d.  phys.  Instit.  Heidelberg,  III.  Vignal,  Duveloppement 
des  elements  du  systeme  nerveux.  Paris,  1889.  His,  W.,  Zur  Geschichte 
des  menschlichen  Rfickenmarks  u.  der  Nervemvurzeln.  Abb.  d.  k.  siichs. 
Ges.  d.  Wissensch.  XIII.,  1886.  Strobe,  Experim.  Beitrage  fiber  Degenera- 
tion und  Regeneration  peripherer  Nerven.  Ziegler’s  Beitrage,  XIII. 
Koster,  Om  Nervdegeneratio  och  N.  atrophie.  Norsk.  Archiv,  1889. 
Waller,  Sur  la  reproduction  des  nerfs.  Mfiller’s  Archiv,  1852.  Engel- 
mann,  Ueber  Degeneration  von  Nervenfasern.  Pflfiger’s  Archiv,  XIII., 
1876.  Krause,  F.,  Ueber  auf-  und  absteigende  Nervendegeneration, 
Archiv.  f.  Anat.  und  Phys.,  1887.  Homen,  Contribution  experimentale  a 
la  pathologie  et  a l’anatomie  pathologique  de  la  moelle  epiniere.  Helsing- 
fors, 1885.  Ilomen,  Ueber  secundiirp  Degeneration  im  verlangerten  Mark 
und  Rfickenmark.  Virchow’s  Archiv,  LXXXVIII.  Tangl,  L.  v.,  Ueber 
De-  und  Regeneration  von  Nervenfasern.  Wr.  medic.  Jahrb.,  1887. 
0.  v.  Biingner,  Ueber  die  Degenerations-  und  Regenerationsvorgiinge  an 
Nerven.  Jena,  1890.  A.  v.  Notthafft,  Neue  Untersuchungen  fiber  den 
Verlauf  der  Degenerations-  u.  Regenerationsprocesse  am  verletzten  peri- 
pheren  Nerven.  Zeitschr.  f.  wiss.  Zool.,  LV.  H.  Strobe,  Experimentelle 
Untersuchungen  fiber  Degeneration  und  Regeneration  peripherer  Nerven. 
Ziegler’s  Beitrage,  1893.  Schultz,  Fr.,  Ueber  Degeneration  und  Regenera- 
tion der  Cornealnerven.  Diss.  Dorpat,  1881.  Hamilton,  On  Myelitis. 
Quart.  Journ.  of  Micros.  Sci.,  1875.  Unger,  L.,  Histologische  Unter- 

suchung  der  traumatischen  Hirnentzfindung.  Sitzungsber.  d.  Akad.  d. 
Wissensch.  zu  Wien,  1880.  Kopp,  G.,  Die  Trophoneurosen  der  Haut. 
Teuscher,  P.,  Ueber  Degeneration  am  norm.  Nerven.  Archiv.  f.  mikrosk. 
Anatomie,  XXXXI.  Gombault,  Contribution  a l’ctude  anatom,  de  la 
nevrite  parenchymateuse.  Arch.  d.  Neurologie,  I.  Schuster,  H.,  Hyaline 
Degeneration  der  Fasern  des  Nervus  medianus.  Zeitschr.  f.  Hcilk.,  VII., 
1886.  Babinshi,  Anatomie  pathologique  des  nevrites  peripheriques.  Gaz. 
hebdomadaire,  1890.  Tukett,  On  the  Structure  and  Degeneration  of  Non- 
medullated  Nerve-fibres.  Journ.  of  Physiol.,  1896,  XIX.  Kennedy,  On 
the  Regeneration  of  Nerves.  Philosoph.  Transact.  R.  S.,  vol.  CLXXXVIII. 
Korelew,  Ueber  den  Ursprung  und  die  Bedeutung  der  Ganglienzellen  bei 
der  Regeneration  verlctzter  Nerven.  Centralbl.  f.  d.  med.  Wiss.,  1897. 

Nerve- Cells. — Kronthal,  Histologisches  von  den  grossen  Zcllen  in 
den  Vorderhorncrn.  Neurol.  Centralblatt,  1890.  Altmann,  Die  Elemen- 
tarorganismen  und  ihre  Beziehungen  zu  den  Zellen.  Leipzig,  1SS8. 
Virchow , II.,  Neurologisches  Centralblatt,  1888.  Magini,  Alcuni  nuovi 
caratteri  delle  cellule  nervose.  Atti  R.  Accad.  d.  Lincei,  1890.  Schulze, 
M.,  Observationes  de  structura  cellularum  fibrarumque  nervorum.  Bonn, 
1869,  and  Strieker’s  Handbuch,  1871.  Retzius,  Biol.  Unters.,  N.  S.,  I.  et 


BIBLIOGRAPHY. 


189 


seq.  Koscheumikoff,  Axencylinderfortsatz  der  Nervenzellen  aus  der  Gross- 
hirnrinde,  Archiv.  f.  mikrosk.  Anat.,  1869.  Beale,  Philosoph.  Trans.,  1863. 
Arnold,  J.,  Ueber  die  feineren  histologischen  Verhaltnisse  der  Ganglienzellen 
in  dem  Sympathicus  des  Frosches,  Virchow’s  Archiv.  XXXII. ; ibid.  XLI., 
and  Anat.  Anzeigcr,  1890.  Freud,  S.,  Wr.  Sitzungsberichte,  LXXXV. 
Wiedersheim,  Anat.  Anzeiger,  1890.  Samassa,  Anat.  Anzeiger,  1891. 
Fleischl,  E.,  Ueber  die  Wirksamkeit  der  Borsiiure  auf  frische  Ganglien- 
zellen. Sitzungsb.  d.  k.  Akad.  d.  Wissensch.  zu  Wien,  LXI.  Cliatin,  La 
cellule  nerveuse.  Paris,  1890.  Adamkiewicz,  Die  Nervenkorperchen. 
Sitzungsb.  d.  k.  Akad.  d.  Wissensch.  zu  Wien,  XCI.  1885,  and  XCVII. 

1888.  Benda,  Verhandl.  d.  physiol.  Gesellschaft  zu  Berlin,  1886.  Fritsch, 

Ueber  einige  bemerkenswerthe  Elemente  des  Centralnervensystems  von 
Lophius  piscatorius.  Archiv  f.  mikrosk.  Anatomic,  XXVII.  Adamkiewicz, 
Der  Blutkreislauf  der  Ganglienzelle.  Berlin,  1866.  Golgi,  Ricerche  isto- 
logiche  sul  midollo  spinale.  Riv.  sperim.  di  freniatria,  VI.,  1880.  Ramon  y 
Cajal,  Sur  l’origine  des  fibres  nerveuses  de  la  moelle  embryonnaire.  Anat. 
Anzeiger,  1890.  Ford,  Einige  hirnanatomische  Betrachtungen  und  Ergeb- 
nisse.  Archiv  f.  Psych.  XVIII.,  1886.  His , W.,  Zur  Geschichte  des 

menschlichen  Riickenmarks  und  der  Nervenwurzeln.  Abh.  d.  math.-phys. 
Classe  d.  k.  sacks.  Gesellschaft  d.  Wissensch.  XIII.,  1886.  His,  W.,  Die 
Neuroblasten  und  deren  Entstehung  im  embryonalen  Marke.  Archiv.  f. 
Anat.  und  Physiol.,  Anat.  Abtli.  1889.  Kblliker,  Ueber  den  feineren  Bau 
des  Riickenmarks.  Sitszungber.  d.  Wiirzburger  phys. -medic.  Ges.,  1890  ; 
and  Zeitschr.  f.  wiss.  Zook,  LI.  Strieker  and  Unger,  Untersuchungen  fiber 
den  Bau  der  Grosshirnrinde.  Sitzungsb.  d.  k.  Akad.  d.  Wissensch.  zu 
Wien,  LXXX.,  1879.  Rail  Ruckhard,  Sind  die  Ganglienzellen  amoboid  1 
Einc  Hypothese  zur  Mechanik  psychischer  Vorgange.  Neurol.  Centralblatt, 
1890.  R.  y Cajal,  Algunas  conjeturas  sobre  el  mecanismo  anatomico  dc  la 
ideacion.  Rev.  de  medicina.  Madr.,  1895.  Friedmann,  Ueber  progressive 
Veriinderungen  der  Ganglienzellen  bei  Entziindungen.  Archiv.  f.  Psych., 
XVIII.,  1888.  Obei-steiner,  Ueber  Erschfitterung  des  Riickenmarks.  Wr. 
medic.  Jahrb.,  1879.  Schaffer,  K.,  Ueber  Veriind.  der  Ganglienzellen. 
Neur.  Centr.,  1891.  Wagner,  J.,  Ein  Beitrag  zur  Kenntniss  der  Rficken- 
markserkrankung  der  Paralytiker.  Wr.  medic.  Jahrb.,  1884.  Rosenbach 
P.,  Ueber  die  durch  Inanition  bewirkten  Texturveranderungen  der  Nerven- 
centra.  Neurol.  Centralblatt,  1883.  Hadlich,  Ueber  varicose  Hypertrophie 
des  Hauptnervenfortsatzes  dcr  grossen  Ganglienzellen  der  Kleinhirnrinde. 
Virchow’s  Archiv,  XLVI.  Friedldnder,  Ueber  Verkalkung  der  Ganglien- 
zellen. Virchow’s  Archiv.,  LXXXVIII.  Schaffer,  Pathologie  und  patho- 
logische  Anatomie  der  Lyssa.  Ziegler’s  Beitriige  zur  pathologischen 
Anatomie,  VII.  Mondino,  Gaz.  d’osped.  Milano,  1885.  Coen,  Ziegler’s 
Beitriige  zur  pathologischen  Anatomie,  II.,  1887.  Robinson,  Wr.  medic. 
Jahrb.,  1873.  Ceccherelli,  Wr.  medic.  Jahrb.,  1874.  Fleischl , Wr.  medic! 
Jahrb.,  1872.  Bevan  Lewis,  A Text-book  of  Mental  Disease.  London! 

1889,  p.  476.  Friedmann,  M.,  Ueber  die  degenerativen  Veriinderungen 
der  Ganglienzellen  bei  acuter  Myelitis.  Neurol.  Centralblatt,  1891. 
Schulz,  R.,  Ueber  artificiolle,  cadaverose  und  pathologische  Veriinderungen 


190 


BIBLIOGRAPHY. 


des  Riickenmarks.  Neurol.  Centralblatt,  1883.  Oettinger  and  Marinesco, 
Semaine  med.,  1895.  Ramon  y Cajal,  Dio  Structur  des  nervosen  Proto- 
plasma. Monatschr.  f.  Psych,  u.  Neurol.,  1897.  Dexter,  Zur  Histologie 
der  Ganglienzellen  des  Pferdes.  Arbeiten  aus  den  Instit.  fiir.  An.  und  Phys. 
der  Centralnerven  Systems.  Wien,  1897.  Goldscheider  and  Flatau,  Nor- 
male  u.  patholog.  Anatomie  der  Nervenzellen.  Berlin,  1898.  Flemming , 
Ucber  die  Structur  centraler  Nervenzellen.  Arch.  f.  Anat.  u.  Physiol.,  1895 
and  1897.  Hill,  Note  on  ‘Thorns,’ and  a Theory  of  the  Constitution  of 
Grey  Matter.  Brain,  1897,  p.  131.  Hill,  Notes  on  Granules.  Brain,  1897, 
pp.  125  and  466.  Lenhossek,  Der  Bau  der  Spinalganglien  des  Menschen. 
Arch.  f.  Psych.,  XXIX.  Lugaro,  Several  papers  in  Rivista  di  patologia 
nervose  e mentale,  1896,  1897,  1898.  Marinesco,  Pathologie  de  la  cellule 
nerveuse.  Paris,  1898.  Nissl,  Ueber  die  Veranderungen  der  Nervenzellen. 
Arbeit,  a.  d.  Inst.fiir.  An.  u.  Phys.  des  Centralnervensystems,  1897.  Bidder, 
Untersuchungen  liber  den  Bau  der  Nervenzellen.  Wurzburg,  1898.  Apathy, 
Das  leitende  Element  des  Nervensystems  und  seine  topographische  Bezie- 
hung  zu  den  Zellen.  Mittbeil.  a.  d.  zool.  Station  in  Neapol.,  XII.,  1897. 

Epithelium.  — Klaussner,  Das  Riickenmark  d.  Proteus  anguineus. 
Sitzungsberichte  d.  k.  bayer.  Akad.  d.  Wissensch.,  XIV.  1883.  Golgi, 
Anat.  Anzeiger,  1890.  Ramon  y Cajal,  Sur  l’origine  et  les  ramifications 
des  fibres  nerveuses.  Anat.  Anzeiger,  1891.  His,  Die  Neuroblasten  und 
deren  Entstehung  im  embryonalen  Marke.  Archiv  f.  Anat.  und  Physiol. 
Anat.  Abth.,  1889.  Prenant,  Intermit.  Monatsschr.  f.  Anat.  u.  Phys., 
1894.  Retzius,  Biolog.  Unters.,  N.  S.,  V.,  1895.  Schaper,  Die  friihesten 
Differenzirungsvorgange  im  Centralnervensytem.  Archiv  f.  Entwickeluhgs- 
geschichte,  1897. 

Neurogleia.  — Deiters,  Unters.  liber  Gehirn  und  Riickenmark. 
Braunschweig,  1863.  Jastroxcitz,  Arch.  f.  Psych.,  II.  and  III.  Virchow, 
Virch.  Arch.,  VI.  Boll,  Die  Histiologie  und  Histiogenese  der  nervosen 
Centralorgane.  Arch.  f.  Psych.,  IV.,  1873.  Strieker  and  Unger,  Sitz.  Ak. 
d.  Wise,  zu  Wien,  LXXX.  Friedmann,  Zur  pathologischen  Anatomie  der 
multiplen  chronischen  Encephalitis,  nebst  Bemerkungen  liber  die  Structur 
des  normalen  Bindegewebes  im  Gehirn.  Jahrb.  f.  Psych.,  IV.,  1883.  Bevan 
Lewis,  A Text-book  of  Mental  Diseases,  London,  1889.  2nd  Edit.  1899. 
Weiss,  Die  Wucherung  der  Kammenvande.  Wiener  med.  Jahrb.,  1878. 
Schnopfhagen,  Das  Ependym  der  Ventrikel  und  die  an  demselben  bemerk- 
baren  Granulationen.  Jahrb.  f.  Psych.,  III.,  1882.  Vincenti,  Su  alcune 
alterazione  istologiche  del  sistema  nervoso  centrale.  Riv.  sperim.  di  freniatria, 
X I.,  1 885.  Coen,  Ziegler’s  Beitr.  zur  pathologischen  Anatomie,  1887.  Ranvier, 
Sur  les  elements  eonjonctifs  de  la  moelle  epiniere.  Comptes  rendus,  1873. 
Weigert,  Bemerkungen  liber  das  Neurogliageriist  des  menschlichen  Central- 
nervensystems.  Anat.  Anzeiger,  1890.  Weigert,  Zur  pathologischen  His- 
tologie des  Neurogliafasergeriistes.  Centralbl.  f.  allg.  Pathol,  u path.  Anat., 
1890.  J.  Schaffer,  Anat.  Anz.,  IX. ; and  Arch.  f.  mikr.  Anat.,  XXXIV. 
Gierke,  Die  Stutzsubstanz  des  Centralnervensystems.  Arch.  f.  mikr.  Anat., 
XXV.,  XXVI.  Lachi,  Contributo  alia  istogenesi  della  Neuroglia.  Atti  d. 
Soc.  tosc.  d.  scienze,  1890.  v.  Lenliosshk,  M.,  Zur  Kenntniss  d.  Neuroglia  des 


BIBLIOGRAPHY. 


191 


menschl.  Riickenmarks.  Verb.  d.  anat.  Gesellsch.,  1891.  Lavdowsky , Vom 
Aufbau  dcs  Riickenmarks.  Arch.  f.  mikr.  Anat.,  XXXVIII.  Paladino, 
Dei  limiti  precisi  tra  il  neuroglio  e gli  elementi  nervosi.  R.  Ac.  med. 
Roma,  XIX.,  1893.  Vejnar,  Unters.  iiber  vitale  Bewegungen  der  Hirn- 
neuroglia.  Wien.  allg.  med.  Zeit.,  1892.  Greppin,  Anat.  Anz.,  IX.  Osier , 
Transact,  of  the  Congr.  of  Am.  Phys.  and  Surg.,  1891.  Andriezen , On  the 
Neuroglia  Elements  in  the  Human  Brain.  Brit.  Med.  Journ.,  1893 ; On  a 
System  of  Fibre  Cells.  Intern.  Monatsschr.  f.  Anat.  u.  Physiol.,  1894. 
Vassale  and  Donciggio,  Riv.  sperim.  di  fren.,  1895.  Retzius,  Ependym  u. 
Neuroglia,  Biol.  Unters.,  N.  S.,  V.  1895.  Ramon  y Cajal , Algunas  conje- 
turas  sobre  el  mecanismo  anatomico  de  la  ideacion.  Rev.  d.  Med.  y Cirurg., 
1895.  Weigert,  Beitnige  zur  Kenntniss  dcr  normalcn  menschlichen  Neuroglia. 
Frankfurt,  1895.  Robertson,  The  Normal  Pathology  and  Histology  of  the 
Neuroglia.  Journ.  of  Ment.  Science,  1897.  Enrich , Studies  of  the  Neuroglia. 
Brain,  1897. 

Mesoblastic  Tissues. — Ohtr steiner,  Ueber  einige  Lymphraume  im 
Gehirn.  Sitzungsbericht  d.  Akad.  d.  Wissensch.  1.  Wien.,  LXI.,  1870. 
d Abundo,  Contributo  alio  studio  delle  vie  linfatiche  dell  cervello.  Riv. 
gen.  ital.  di  clin.  medic.,  1889.  Rossbach  and  Sehrwald,  Ueber  die  Lympli- 
wege  dcs  Gehirns.  Centralblatt  f.  d.  medic.  Wissensch,  1888.  Ohersteiner, 
Beitnige  zur  pathologischen  Anatomic  der  Gehirngefiisse.  Wr.  medic.  Jahrb., 
1877.  Obei-steiner,  The  Cerebral  Blood-Vessels  in  Health  and  Disease! 
Brain,  1884.  Ohersteiner,  Les  vaisseaux  sauguins  du  cerveau.  Anualcs 
medic,  psych.,  1885.  Deecke,  The  Structure  of  the  Vessels  of  the  Nervous 
Centres.  Amer.  Journ.  of  Insan.,  1877-81.  Lloyd  Andriezen,  Brain,  XVII., 
and  Intermit.  Monatsschr.  f.  Anat.  u.  Physiol.,  1893.  Virchoic,  Ueber 
Erweiterung  kleiner  Gufiisse.  Virchow’s  Archiv,  III.  Robin,  Journal  de 
lhysiol.  norm,  et  path.,  1853-1859.  His,  Ueber  cin  perivasculares  Canal- 
system.  Zeitschr.  f.  wissensch.  Zoologie,  XV.  Paladino,  Di  un  nuovo 
processo  per  le  indagini  microsc.  del  sistema  uervoso.  Rend.  d.  R.  Acc. 
d.  Scienze  fis.  e mat.,  1890.  Lbicen/eld,  Studieu  iiber  Aetiologie  und 
Pathogenese  d.  Hirnblutung.  Wiesb.,  1886.  Heboid,  Aneurysmen  d. 
klemsten  Riickenmarksgefasse.  Arch.  f.  Psych.,  XVI.  Ohersteiner,  Ueber 
Ektasien  der  Lymphgefiisse  des  Gehirns.  Virchow’s  Archiv,  LV.,  1872. 

1 id;,  Ueber  cystbse  Degeneration  des  Gehirns.  Archiv  f.  Psych.,  XXI., 
1890.  Arndt,  Aus  eiuem  apoplektischen  Gehirn.  Virchow’s  Archiv,' 
LVII.  Rezzonico,  Contributo  all’  auatomia  pathologica  del  delirio  acuto' 
Arch,  ital  per  le  mal.  nervose,  1884.  Krontlial,  Lymphcapillaren  im 

Geh i rn.  Degeneration  dcr  Gefasscapillaren  bei  der  progression  Paralyse 
der  Irren.  Neurol.  Centralblatt,  1S90.  Holscheumikoff,  Ueber  hyaline 

Degeneration  der  Hirngefiisse.  Virchow’s  Archiv,  CXII. 

Other  Tissue  Elements. — Huguenin,  Ziemssen’s  Haudbuch,  XI.  1. 
Lostjunn,  Die  senilen  Veriinderungen  der  Grosshimrinde.  Wien,  m'ed 
Jahrb.,  1886.  Redlich,  Die  Amyloidkbrperchen  des  Nervensystems.  Psych 
Jahrb.,,  1891.  Schaffer,  Pathologie  und  pathologische  Anatomie  der  Lyssa 
Zieglers  Beitr.,  VII.  Levan  Lewis,  A Text-book  of  Mental  Diseases 
London,  1889,  p.  46o.  Vincent i,  Riv.  sperimentale  di  freuiatria,  XI  1885 


SECTION  IV.— MINUTE  STRUCTURE  OF  THE 
SPINAL  CORD. 

STRUCTURAL  FEATURES  COMMON  TO 
ALL  THE  CENTRAL  ORGANS. 

The  gross  anatomical  features  in  the  structure  of  the  central  nervous 
system,  as  seen  with  the  naked  eye,  have  received  due  attention  in  the 
second  section.  We  must  now  prepare  ourselves  to  appreciate  the  physio- 
logical meaning  of  the  several  organs  by  carefully  studying  their  anatomical 
connections ; this  is  the  task  of  minute  anatomy,  a most  difficult  task,  and 
still  far  from  receiving  its  solution. 

Certain  general  considerations  which  will  aid  us  in  the  solution  of  other 
problems,  as  well  as  in  dealing  with  the  spinal  cord  and  the  brain,  must 
first  be  set  forth ; the  subsequent  explanation  of  details  will  be  thereby 
facilitated.  The  more  our  knowledge  of  the  minute  structure  of  the  central 
organs  widens,  the  more  possible  does  it  become  to  present  to  the  reader  an 
exact  and  detailed  “general  anatomy  of  the  central  nervous  system.”  It  is 
a difficult  task  to  deduce  from  the  overwhelmingly  numerous  details 
which  research  in  this  field  daily  brings  to  light,  the  resulting  laws  and 
general  rules  which  first  introduce  order  into  the  chaos  of  more  or  less 
misunderstood  anatomical  combinations. 

First,  having  regard  to  our  limited  space,  we  will  speak  of  the  particular 
facts  which  belong  to  this  part  of  the  subject. 

I have  already  more  than  once  drawn  attention  to  the  radical  change 
which  the  last  few  years  has  brought  about  in  our  conception  of  the 
structure  of  the  central  nervous  system. 

The  idea,  first  formulated  by  His  and  Ford,  that  mere  contiguity  might 
be  sufficient  to  connect  the  provinces  of  two  separate  nerve-cells,  the 
ramifications  of  each  fibre  ending  in  free  tips,  won  its  way  to  general 
acceptance  only  when  confirmed  by  facts  revealed  by  the  method  of 
silver-impregnation  and  methylene-blue  staining. 

In  the  following  observations  we  must  take  for  our  starting-point  the 
nerve-unit,  or  neuron  (see  p.  127).  We  have  seen  that  it  consists  of  three 
principal  parts  (fig.  98,  1);  first,  the  neurocyte  or  nerve-cell,  I,  with  its 
dendrites  (protoplasmic  processes)  and  axis-cylinder  process ; secondly,  the 
nerve-fibre,  IT,  which  arises  from  the  cell  through  the  axis-cylinder  process, 
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and  frequently  gives  off  side-shoots  (collaterals) ; and  thirdly,  the  arbores- 
cent system  or  telodendrion,  III,  into  which  the  fibre  finally  breaks  up. 
The  collaterals  end  in  similar  arborescent  systems. 


Fig.  98. — Diagrammatic  representation  of  two  neurons. — 1.  7,  Nerve-cell ; p,  proto- 
plasmic processes  ; a,  axis-cylinder  process,  passing  into  the  nerve-fibre,  II,  with 
its  collaterals,  c,  and  breaking  up  into  the  arborescent  system,  III.  2.  Neuron  of 
Golgi’s  second  type,  in  which  the  axis-cylinder  process,  a,  immediately  breaks  up 
into  the  arborescent  system. 


Deviations  from  the  type  are  produced  in  various  ways.  As  in  fig.  98, 
2,  the  length  of  the  nerve-fibre  may  be  reduced  to  a minimum,  the  axis- 
cylinder  process  breaking  up  into  the  arborescent  system  as  soon  as  it  leaves 
the  cell.  These  are  Golgi’s  cells,  or  the  intercalated  cells  of  Monakow  (see 
p.  149).  On  the  other  hand,  it  sometimes  happens  that  the  nerve-cell  is 
provided  with  two  or  more  axis-cylinder  processes  (see  fig.  57,  p.  147),  as  is 
perhaps  the  case  with  the  cells  of  the  spinal  ganglia. 

We  have  next  to  investigate  the  manner  in  which  the  neurons  enter 
into  functional  and  anatomical  relations  with  each  other  and  with  the 
organism  as  a whole.  We  will  first  consider  the  behaviour  of  the  arbores- 
cent systems,  since  to  them  falls  the  office  of  establishing  further  relations 
between  the  neurons  to  which  they  belong. 

(1.)  The  arborescent  system  may  end  freely  at  the  periphery,  perhaps  in 
a muscle-fibre,  rn,  (fig.  99,  1).  As  an  example  of  this  we  may  take  a cell 
from  the  anterior  horn  of  the  spinal  cord,  with  the  motor  nerve-fibre 
starting  from  it  and  ending  in  a peripheral  muscle-fibre. 

(2.)  The  arborescent  process,  III,  of  the  first  neuron  may  enter  into 
relation  with  the  nerve-cell,  1',  of  another  (fig.  99,  2). 

(3.)  In  addition  to  the  relation  exemplified  in  2,  the  first  neuron  may 
be  brought  into  connection  with  the  cell,  II,  of  a third  by  means  of  one  of 
its  collaterals  (fig,  99,  3).  Other  collaterals  or  ramifications  of  the  nerve- 
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fibre,  II,  may  establish  relations  with  yet  other  neurons.  The  type  of 
behaviour  represented  in  2 and  3 is  the  commonest  in  the  central  nervous 
system. 

(4.)  Or  the  arborescent  system,  III,  of  the  first  neuron  may  enter  into 
relation,  not  with  the  cell,  f,  of  the  second,  but  with  the  final  ramifications 
of  a protoplasmic  process  (fig.  99,  4).  We  have  an  example  of  this  mode  of 
connection  in  the  bulbus  olfactorius.  I,  would  then  stand  for  an  olfactory 
cell,  I',  for  a mitral  cell  of  the  bnlbus,  and  we  must  suppose  the  interweav- 
ing of  the  arborescent  system,  III,  with  the  end-ramifications  of  the  proto- 
plasmic process,  to  take  place  in  the  glomerulus. 


(5.)  Finally,  it  must  not  be  forgotten  that  (in  fig.  99,  4)  the  proto- 
plasmic processes  unconnected  with  the  first  neuron  may  have  relations 
with  other — third  or  fourth — neurons. 

It  has  already  been  mentioned  that,  with  few  exceptions,  the  proto- 
plasmic processes  conduct  in  a cellipctal,  the  axis-cylinder  process  in  a 
cellifugal  direction.  A very  important  exception  to  this  rule  is  found  in 
the  peripheral  process  of  the  cells  of  the  spinal  ganglia,  the  peripheral 
sensory  nerve-fibre.  In  many  places,  such  as  the  mucous  membrane  of  the 
olfactory  organs,  and  the  skin  of  animals  low  in  the  scale  (worms),  we  find 
epithelial  cells  (sensory  cells)  in  some  respects  homologous  with  the  cells  of 
the  spinal  ganglia.  The  peripheral  process  is  reduced  to  a short  stump, 
while  the  central  process  extends  to  the  central  organ.  In  other  animals 
low  in  the  scale  the  sensory  cell  sinks  away  from  the  epithelium,  and  its 
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peripheral  process  lengthens,  until  at  last  the  bipolar  cell  with  centripetal 
and  centrifugal  processes  is  produced  which  we  meet  with  in  the  spinal 
ganglia  of  vertebrates,  lying  in  the  course  of  the  sensory  nerves. 

This  singular  behaviour  Tof  the  cells  of  the  spinal  ganglia  has  given 
rise  to  various  attempts  to  fit  them  into  the  scheme  of  the  othei  nei\  c-cells. 
It  has  been  suggested,  for  instance,  that  the  peripheral  sensory  nerve-fibre 
ought  to  be  regarded  as  a dendritic  process  or  a collateral,  and  the  central 
root-fibre  alone  as  an  axis-cylinder  process. 


A 


Fig.  100. —Scheme  of  the  simplest  form  of  nervous  system. — S,  Epithelium;  a, 
sensory  cell ; b,  centripetal  sensory  nerve  ; c,  its  arborescent  system  ; d,  cell  of 
second  neuron  (motor  nerve-cell) ; e,  centrifugal  motor  nerve  ; /,  its  peripheral 
arborescent  process  in  the  muscle,  m. 

A diagram  of  the  simplest  nervous  system  may  be  constructed  as  follows 
(see  fig.  100) : — 

In  the  peripheral  epithelium  of  the  body,  S , lies  the  sensory  cell,  a,  from 
which  the  sensory  centripetal  nerve,  b,  arises.  Its  arborescent  process,  c,  lies 
close  to  the  cell,  d,  of  a second  neuron.  From  the  latter  the  centrifugal  nerve, 
e,  proceeds  to  the  muscle-fibre,  in,  to  which  it  affixes  itself  by  its  end- 
ramifications.  Only  two  neurons  are  here  represented,  but  each  of  them 
may  stand  for  a group  of  neurons  of  equal  value. 

When  we  consider  that  the  nervous  apparatus  is  further  complicated  by 
the  intercalation  of  other  neurons,  and  by  the  manifold  relations  established 
by  the  dendrites  on  the  one  side  and  the  collaterals  on  the  other,  we  can 
well  see  that  the  multiplicity  of  nerve-connections  almost  defies  imagina- 
tion. It  is  even  permissible  to  say  that  every  part  of  the  nervous  system  is 
in  communication  with  every  other  part ; the  only  differences  among  them 
being  questions  of  intimacy  of  connection,  without  reference  to  topographi- 
cal position.  On  the  other  hand,  there  are  no  isolated  regions  in  the  un- 
injured central  nervous  system — no  islands  which  carry  on  their  functions 
independently  of  the  rest — although  we  are  able  to  isolate  certain  regions 
with  independent  function  by  experimental  methods,  as,  for  instance,  by 
transverse  severance  of  the  spinal  cord,  after  which  the  caudal  part  may 
live  and  carry  on  its  functions  though  completely  separated  from  the  rest 
of  the  central  nervous  system. 

The  nerve-cells  are  the  real  nerve-centres.  To  the  fibres  belongs  only 
the  task  of  conducting  the  stimuli  transferred  to  them.  Many  other 
functions  of  the  nervous  system  besides  simple  conduction  belong  to  the 
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cells.  The  colls  are  the  stations ; the  fibres  the  railroads  which  connect 
the  stations  together. 

The  nerve-cells  are  not  scattered  about  irregularly,  nor  do  they  occur 
singly  in  the  nervous  system  ; but  they  cover,  for  the  most  part,  extensive 
areas,  in  which  they  are  collected  in  groups.  In  such  places  the  character 
of  the  ground-tissue  is  also  changed,  the  medullated  nerves  are  mixed  with 
many  which  are  not  medullated,  the  blood-vessels  are  very  numerous  and 
divide  in  a characteristic  manner ; so  that,  even  to  the  naked  eye,  such 
regions,  rich  in  cells,  present  appearances  by  which  they  can  be  recognised. 
While  those  parts  of  the  nervous  system  which  consist  almost  entirely  of 
medullated  fibres  exhibit  an  almost  pure  white  colour  (the  white  matter  or 
medulla),  the  regions  rich  in  cells  are  distinguished  by  different  tints  of 
red-grey  or  yellow-grey  (the  grey  substance).  The  intensity  of  this  colour- 
ing is  not  the  same  in  all  brains.  Various  circumstances  combine  to  give 
the  grey  matter  a darker  or  a less  dark  tint.  The  capillary  net-work  is 
closer  in  the  grey  substance  than  elsewhere,  and  hence  the  condition  of 
the  brain  with  regard  to  its  blood-supply  has  a great  influence  upon  its 
colour.  Small,  much-convoluted  brains  in  which  the  pigmented  elements 
are  probably  pressed  closely  together  (as,  for  example,  in  cases  of  premature 
synostosis  of  the  skull),  contrast  with  the  less  fissured  brains,  showing 
often  a strikingly  strong  colour  in  such  parts  of  the  grey  matter  as  the 
cerebral  cortex,  nucleus  caudatus,  putamen,  and  cortex  of  the  cerebellum. 
The  brain  of  the  negro  is  not  darker  than  that  of  the  white  races.  The 
brain  is  darkest  in  pathological  conditions  resulting  from  violent  epileptic 
fits. 

The  tissues  in  those  parts  of  the.  brain  which  are  rich  in  nerve-cells 
but  yet,  owing  to  the  preponderance  of  white  fibres,  do  not  exhibit  the 
distinctive  features  of  grey  substance,  is  known  as  substantia  reticularis 
(formatio  reticularis). 

All  anatomico-physiological  investigations  must  make  the  grey  masses 
their  starting  points,  and  must  next  take  up  the  question  of  the  manner  in 
which  they  are  brought  into  connection  with  one  another  by  the  white 
tracts.  This  method  of  procedure  cannot  at  all  times  be  logically 
followed  out,  since  there  are  many  cases  in  which  we  have  but  a very 
superficial  knowledge  of  the  connections  of  the  grey  masses  ; while,  on  the 
other  hand,  many  groups  of  fibres  cannot  with  certainty  be  traced  to  their 
destinations. 

In  comparing  the  grey  masses  of  the  central  system  with  one  another, 
the  conclusion  that  they  are  not  all  of  equal  morphological  value  is 
forced  upon  us.  We  are  not  yet  in  a position  to  assign  to  each  its  place, 
but  must  be  content  with  a classification  which  is  in  the  main  correct, 
and  which  we  believe  will  never  be  altogether  superseded,  although  as 
regards  detail  it  may,  by  subsequent  observations,  be  extended  and 
completed. 

The  following  kinds  of  grey  substance  must  be  distinguished 

(1.)  The  cortex  of  the  cerebrum  which  everywhere  covers  the  surface 
of  the  secondary  fore-brain. 
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(2.)  The  cortex  of  the  cerebellum. 

(3.)  The  region  in  which  the  peripheral  nerves  originate,  or  end,  namely, 
the  grey  masses  in  the  spinal  cord,  and  the  corresponding  portions  of  the 
brain  from  which  the  cranial  nerves  take  origin.  With  these  grey  masses 
may  be  included  the  inner  lining  of  the  third  ventricle  which  is  their  direct 
continuation,  although  it  does  not  give  origin  to  any  peripheral  nerves. 
These  grey  structures  are  summarised  by  Meynert  in  the  expression 
‘ central  cavity-grey  ’ (centrales  Hohlengrau).  They  are  the  proper  primary 
central  grey  masses  of  the  nervous  system  to  which  the  other  organs 
arranged  in  the  classes  1,  2,  and  4 are  but  adjuncts. 

It  must  always  be  borne  in  mind  that  there  is  an  essential  difference 
between  the  motor  and  sensory  nuclei.  While  the  nerve-cells  of  the  motor 
nuclei  (nuclei  of  origin)  do  as  a matter  of  fact  give  rise  to  the  motor  nerve- 
fibre  by  means  of  the  axis-cylinder  process,  the  sensory  nerve-fibres  originate 
in  cells  which  lie  outside  the  central  nervous  system.  The  sensory  root- 
fibres  end  in  the  cells  of  the  nuclei  in  question  (end-nuclei),  which  occupy 
the  position  of  termini  to  them. 

(4.)  The  central  ganglia.  Theoretically  this  group  is  well  defined,  since 
it  includes  all  structures  which  do  not  find  a place  in  classes  1 to  3 ; so 
heterogeneous  a group  does  it  make,  however,  that  it  is  best  to  regard  it 
as  a temporary  association  of  elements  which  cannot  be  otherwise  classified. 

Just  as  in  the  grey  masses  so  also  in  the  white  we  can  recognise 
distinctions,  but  these  after  all  depend  upon  the  arrangement  of  the  grey 
masses.  Every  fibre  may  be  regarded  as  a conducting  path  either  con- 
necting two  nerve-cells  or  a nerve-cell  and  a peripheral  end-organ,  be  it 
motor  or  sensory.  As  each  terminal  apparatus  is  independent  and  endowed 
with  a well-defined  function  we  may  regard  it  as  of  equal  value,  physio- 
logically, with  a nerve-cell.  Indeed  an  end-organ  may  be  looked  upon 
as  the  terminal  station  of  the  road  which  extends  outwards  from  the 
nerve-network. 

Topographically  nerve-fibres  may  be  separated  into  two  large  groups — 

(1.)  Fibne  homodesmoticse  ; or  fibres  uniting  together  two  homologous 
points  of  similar  grey  masses,  as,  for  example,  the  two  anterior  cornua  of 
the  spinal  cord  or  two  spots  in  the  cortex  of  the  cerebrum. 

(2. ) Fibne  heterodesmotiem ; which  bring  into  connection  two  grey 
masses  of  unequal  value,  or  else  unite  a central  region  with  an  end-organ. 
It  is  possible  further  to  subdivide  this  group,  as,  for  example,  into  fibres 
connecting  the  cerebral  cortex  with  the  central  ganglia,  fibres  connecting 
the  periphery  with  the  nuclei  of  origin,  etc. 

The  physiological  importance  of  these  distinctions  needs  no  explanation. 

The  term  tract  is  used  to  signify  the  connecting  road  between  two 
central  grey  masses,  or  between  a grey  mass  and  an  end-organ.  We  have 
almost  always,  however,  to  do  with  a more  or  less  complicated  combination 
of  roads,  bringing  stations  of  several  different  distances  apart  into  func- 
tional relation  with  one  another.  Hence,  for  example,  we  may  speak  of  a 
cortico-muscular  tract,  meaning  thereby  the  whole  group  of  nerve-fibres 
(perhaps  interrupted  at  more  than  one  point  by  the  intercalation  of  grey 
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masses),  along  which  an  impulse  starting  in  the  cortex  must  travel,  if  it  is 
to  induce  a movement  in  a certain  muscle.  In  the  same  way  we  speak  in 
common  life  of  the  Berlin  and  Vienna  Railway,  although  we  know  quite 
well  that  Dresden  and  Prague  lie  between  the  two  termini. 

Following  this  comparison  a little  longer.  The  route  just  mentioned 
is  by  no  means  the  only  connection  between  Berlin  and  Vienna ; not  only 
can  we  take  the  line  through  Breslau  and  Oderberg,  avoiding  Dresden  and 
Prague,  but  various  alternative  routes  from  Berlin  to  Dresden,  or  from 
Prague  to  Vienna,  are  offered  to  us ; further,  we  are  in  a position  to  go 
direct  from  Dresden  to  Vienna  without  touching  at  Prague,  and  so  forth. 
When,  for  example,  it  happens  that  owing  to  a landslip  the  line  between 
Dresden  and  Prague  is  impassable,  the  counection  between  Berlin  and 
Vienna  is  not  thereby  interrupted.  The  richer  the  network  of  rails 
the  more  numerous  are  the  connections,  the  ‘ tracts  ’ between  the  two 
chief  termini. 

Now  let  us  transfer  these  observations  to  nerve-tracts.  The  most 
highly  specialised  nervous  system,  capable  of  performing  the  greatest 
variety  of  functions,  is  the  one  in  which  the  paths  connecting  its  grey 
masses  are  most  numerous.  The  corpus  callosum  is  a striking  example  of 
this  law.  In  birds  it  is  almost  wanting,  in  animals  lower  than  birds  it  is 
very  small ; it  only  attains  to  its  highest  development  in  Man  [cf.  p.  86]. 

From  this  follows  a result  not  difficult  to  prove  by  gross  anatomy. 
The  higher  the  animal  the  greater  is  the  quantity  of  white  substance, 
relatively  to  the  grey,  found  in  its  central  nervous  system. 

Since  the  cells  of  the  grey  substance  are  the  true  apparatus  of  the 
higher  cerebral  functions,  it  might  be  inferred,  a priori,  that  the  higher 
the  intellectual  development  of  the  animal  the  greater  vrould  be  the 
relative  amount  of  grey  substance ; the  perfect  action  of  the  brain  depends, 
however,  upon  the  most  intimate  association  possible  of  all  its  centres  with 
one  another. 

Danilewsky  has  shown  this  changing  relation  of  the  white  substance  to 
the  grey  by  a chemical  method. 

Another  lesson  may  be  learnt  from  the  railroad  illustration.  Supposing 
the  line  between  Dresden  and  Prague  is  interrupted,  I can  still,  if  I choose, 
adopt  a method,  somewffiat  slower,  perhaps,  of  travelling  from  the  one  place 
to  the  other,  at  all  events  until  the  new  line  is  in  working  order.  So,  too, 
in  the  central  nervous  system,  wrhen  one  track  is  interrupted  other 
collateral  routes  are  still  at  our  command.  It  would  be  quite  wrong  to 
conclude  that,  because  a function  is  still  performed  after  certain  fibres  are 
destroyed,  those  fibres  have  nothing  to  do  normally  with  the  conduction  of 
the  said  impulses. 

It  follow's  that  one  must  be  very  careful  in  assigning  an  object  to 
nerve-routes,  especially  when  they  exceed  an  internode  (the  distance 
between  two  nerve  stations)  in  length. 
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It  has  already  been  mentioned  that  we  have  to  distinguish  two  kinds  of 
nerve-fibres  from  one  another — the  homodcsmotic  and  the  hctcrodesmotic 
fibres  uniting  co-ordinate  and  subordinate  grey  masses  respectively.  A 
further  distinction  between  the  fibres  depends 
upon  whether  they  unite  together  centres 
lying  on  the  same  side  only,  or,  by  crossing 
over  in  the  middle  line,  bring  into  connection 
stations  which  lie  in  opposite  halves  of  the 
body.  Either  class  of  fibres  may  cross  in 
the  middle  line — homodcsmotic  fibres  when 
crossed  constituting  a commissure  (fig. 

101,  cc),  heterodesmotic  fibres  a decussa- 
tion ( eg'  and  eg). 

Here  we  may  remark  that  the  central 
nervous  system  appears  to  be  symmetrical  in 
structure  as  far  as  the  main  lines  on  which 
it  is  laid  down  are  concerned.  Excluding 
purely  teratological  or  pathological  differ- 
ences between  the  two  sides,  however,  certain 
striking,  although  inconstant,  deviations  from 
symmetry  are  exhibited,  especially  between 

the  two  sides  of  the  great  brain.  Deviations  from  symmetry  are  com- 
moner, and  more  conspicuous  in  highly  developed  brains  than  in  those 
lower  in  the  scale. 


Fig.  101. — c and  c',  Cells  of  the 
cortex ; g and  g' , nerve-cells 
of  a different  category  ; cc', 
commissural  fibres ; eg'  and 
c'g,  decussating  fibres. 


By  nucleus  is  meant,  in  a genera 
the  central  system.  In  a particular 
the  nucleus  of  a nerve  ; since  in  sucl 
oommence  and  sensory  nerves  end. 

One  or  more  nuclei  (which  form 
part  of  the  grey  masses  classed  on 
p.  197  as  group  3)  belong  to  each 
peripheral  nerve.  It  has  never  been 
proved  in  a single  case  that  a nerve- 
fibre  runs  directly  from  the  periphery 
to  the  cortex  cerebri ; the  same  as- 
sertion may  be  made  with  the 
highest  degree  of  probability  in  the 
case  of  the  cerebellar  cortex. 

The  expression  nerve-root  is 
used  in  two  quite  different  senses, 
likely  to  give  rise  to  misapprehen- 
sion ; each  use  of  the  term  is,  how- 
ever, so  thoroughly  naturalised  that 
place  it. 

By  ‘nerve-root’  is  meant  in  gross 


sense,  a group  of  nerve-cells  within 
sense  the  word  is  used  to  indicate 
cell-groups  peripheral  motor  nerves 


Fig.  102. — n and  n',  Motor  nerve-roots ; 
m m,  to'  and  in' , cells  of  the  nuclei  of 
origin  of  the  two  sides  ; m and  m'  for 
the  uncrossed,  m and  m'  for  the  crossed 
fibres. 

it  would  be  very  difficult  to  dis- 
anatomy  the  bundles  of  fibres  by 
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which  the  nerve  appears  to  come  out  from  the  brain  or  cord,  which  bundles 
seem,  therefore,  to  be  the  commencement  of  the  nerve,  the  peripheral  root. 
On  the  other  hand,  the  fibres  by  which,  within  the  central  system,  the 
nerve  is  continued  to  its  nucleus  are  known  as  the  central  root.  These 
fibres  it  is  which  lead  the  nerve  back  to  its  real  origin  or  end.  For  many 
motor  nerves  it  has  been  ascertained  that  they  have  two  sets  of  root-fibres, 
one  originating  in  the  nucleus  on  the  same  side  and  the  other  in  the 
corresponding  nucleus  on  the  other  side  of  the  body.  A part  of  the  nerve, 
therefore,  always  enters  a decussation.  It  has  not  yet  been  determined 
whether  this  mode  of  origin  is  common  to  all  motor  nerve-roots.  With 
regard  to  the  posterior  nerve-roots,  which  are  almost  without  exception 
sensory,  we  may  note  that  certainly  the  greater  part  of  them  have  their 
cells  of  origin  outside  the  central  nervous  system — in  the  spinal  ganglia, 
for  example — but  that  a small  proportion  of  fibres  (whether  in  all  sensory 
roots  or  not  is  uncertain)  originate  within  it.  The  trigeminus  arises  from 
two  peripheral  roots,  but  has  at  least  six  roots  which  run  within  the 
cerebro-spinal  axis. 


Every  nucleus  of  a peripheral  nerve  is  connected  with  other  parts 
of  the  central  nervous  system.  The  paths  by  which  these  various 
connections  are  maintained  may  be  classified  as  follows : — 

1 . Connections  with  the  corresponding  nucleus  of  the  opposite  side ; 

2.  „ with  other  nerve  nuclei ; 

3.  „ with  various  secondary  ganglionic  centres ; 

4.  ,,  with  the  cortex  cerebelli ; 

5.  „ with  the  cortex  cerebri,  directly  or  indirectly  (as  in 

fig.  99,  2). 

Commissural  fibres  between  corresponding  nuclei  of  the  two  sides 
probably  always  exist ; they  are  only  demonstrated  with  absolute 
certainty  for  some  nerve-centres ; for  example,  the  oculomotor  nuclei 
( Nuss/taum),  the  hypoglossal  nuclei  ( Koch ),  etc.  Flechsig  believes  that 
it  is  possible  to  prove  the  existence  of  commissural  fibres  between  the 
nuclei  of  the  three  first  sensory  nerves,  and  infers  that  such  fibres  exist 
in  all  cases. 

Examples  of  the  connections  with  dissimilar  nuclei  (class  2)  are  very 
numerous,  some  crossed,  but  the  majority  not  crossed.  The  ‘ posterioi 
longitudinal  bundle’  was  formerly  supposed  to  consist  of  fibres  connecting 
together  nuclei,  which  lie  one  behind  another. 

Connections  with  secondary  ganglia  (3),  as  the  thalamus,  corpora 
quadrigemina,  corpora  geuiculata,  olive,  and  so  forth,  are  proved  in  many 
cases,  and  may  well  obtain  in  all  without  exception. 

Plow  the  cortex  cerebelli  (4)  is  connected  with  the  nuclei  of  origin  of 
sensory  nerves  is  by  no  means  always  clear ; Marchi  is  of  opinion  that  it  is 
by  the  posterior  longitudinal  bundle.  But  in  the  case  of  the  spinal  nerves 
and  a part  of  the  auditory  nerve,  we  think  we  know  the  route  by  which  a 
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connection  is  established.  Edinger  designates  the  fibres  which  pass  to  the 
cerebellum  from  a number  of  sensory  nerves  collectively  the  ‘direct 
sensory  tract  ’ of  the  cerebellum. 

An  undeniable  direct  connection  between  the  cortex  cerebelli  and  a 
motor  nerve-nucleus  has  yet  to  be  found. 

Especially  interesting,  both  from  an  anatomical  and  a physiological 
point  of  view,  are  the  so-called  central  connections  of  the  nerve-nuclei  (5), 
the  tracts,  that  is  to  say,  by  which  they  are  connected  with  the  cortex 
cerebri.  In  all  cases  the  connection  is  supposed  to  be  a partly  crossed  one, 
but  it  is  extremely  difficult  to  ascertain  the  relative  numbers  of  the 
crossed  and  uncrossed  fibres.  Probably  the  proportion  is  not  the  same  in 
any  two  nerves.  For  many  of  the  nerves  belonging  to  the  hind-brain  we 
have  to  seek  these  crossing  fibres  in  the  fibrse  arcuatro  (including  the 
stria)  acusticse) ; the  fibres  cross  one  another  in  the  raphe  at  a very  acute 
angle.  From  the  cells  of  the  sensory  end-nuclei  fibres  arise  which  conduct 
directly  or  indirectly  to  the  cortex  of  the  cerebrum ; sensory  tracts  of  the 
second  class.  Many  of  these  fibres  seem  to  give  off  collaterals  which 
spread  out  to  other,  motor,  and  perhaps  sensory  nerve-nuclei,  and  thus 
establish  an  intemuclear  connection. 

We  may  hope  to  come  to  a better  anatomical  and  physiological  under- 
standing of  the  central  nervous  system  when  we  have  learned  to  classify 
the,  at  present,  almost  incomprehensible  mass  of  details,  with  such  order 
and  method  as  will  doubtless  be  made  possible  by  further  observations. 

When  we  are  able  to  speak  of  structures  in  groups  which  now  seem  to 
exact  individual  treatment,  a clearer  general  view  of  the  system  will  be 
obtained.  The  optic  tract,  for  example,  is,  in  a certain  sense  at  least, 
homologous  with  the  fillet  tract.  When  this  homology  is  further  traced 
we  shall  come  to  a clearer  understanding  of  the  meaning  of  many  structures 
which  are  in  connection  with  the  optic  tract. 

It  is  undesirable  to  press  homologies  too  far,  although  a scheme  em- 
bodying the  main  features  of  the  central  conducting  paths  is  of  inestimable 
value.  We  recognise  at  once  departures  from  what  we  consider  the  normal 
arrangement,  and  seeking  to  account  for  these  deviations,  we  discover  the 
faults  in  our  scheme  and  the  real  explanation  of  these  differences. 

The  relations  exhibited  in  a simple  form  by  the  spinal  cord  yield 
information  which  we  may  use  in  studying  the  more  complicated  medulla 
oblongata  and  brain. 

Motor-spinal  and  motor-cranial  nei'ves  may  be  supposed  to  present 
similar  central  connections;  a parallelism  may  likewise  be  traced  in  the 
case  of  the  sensory  nerves  in  the  two  regions  respectively.  This  con- 
sideration makes  it  possible  for  us  to  throw  light  into  many  dark  places. 
It  affords  us  many  hints  as  to  the  objects  we  should  have  in  view  in 
anatomical  investigations,  and  as  to  the  connections  of  fibres  which  seem 
to  be  physiologically  necessary,  or  which  we  should  expect  from  analogy 
to  be  present. 
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The  great  variety  manifested  in  the  course  of  the  several  central  nerve- 
bundles,  and  the  consequent  difficulty  of  gaining  a clear  conception  of  their 
arrangement,  have  long  since  led  observers  to  attempt  a generalisation  or 
schematisation  of  the  apparent  chaos.  In  the  foregoing  pages  I myself 
have  often  been  obliged  to  have  recourse  to  some  such  simplified  repre- 
sentation, as  for  instance  in  the  diagram  of  the  simplest  form  of  nervous 
system. 

For  a right  understanding  of  the  nerve-roots  Sir  Charles  Dell's  distinc- 
tion between  sensory  and  motor  roots  is  of  the  highest  importance,  but  it 
is  neither  sufficient  nor  can  it  be  pressed  too  far.  Bell's  original  division 
into  two  classes  has  therefore  been  greatly  modified  and  supplemented. 
A.  Hill  has  pi-opounded  a four-root  theory.  According  to  this,  the 
anterior  roots  of  the  spinal  cord  contain  fibres  of  three  kinds,  proceeding 
from  the  cells  of  the  anterior  horn,  the  lateral  horn,  and  Clarke's  columns 
respectively.  To  each  kind  different  functions  are  allotted,  all  in  the 
motor  region.  The  posterior  spinal  roots  contain  sensory  fibres.  The 
same  scheme  applies  to  the  cerebral  nerve-roots,  though  their  various 
fibres  arc  naturally  subject  to  many  displacements.  Thus,  the  root-fibres 
which  correspond  to  the  actual  nerves  of  the  anterior  horn  come  out  in  the 
N.  hypoglossus  and  the  nerves  of  the  eye-muscles ; while  the  fibres  which 
originate  in  the  lateral  horn  are  represented  by  the  N.  accessorius,  the 
motor  part  of  the  N.  vagus  and  glossopharyngeus,  the  N.  facialis  and  the 
motor  root  of  the  trigeminus. 

The  difficulty  in  elaborating  a simple  and  comprehensive  scheme  of  the 
construction  of  the  nervous  system  depends  upon  the  great  variety  of 
elements  which  must  be  ranged  in  their  places;  if  all  varieties  are 
allowed  for,  a perplexing  and  highly  complicated  scheme  is  the  result. 

Many  difficulties  have  to  be  overcome  before  a scheme  satisfying  all 
our  requirements  will  be  produced.  This  is,  however,  the  place  to  sketch 
in  outline  some  of  the  generalisations  on  this  subject. 

Buys  takes  his  starting  point,  erroneously,  from  the  central  ganglia  of 
the  great  brain  (nucleus  caudatus,  nucleus  lenticularis,  and  optic  thalamus)  ; 
they  form  the  proper  central  point,  towards  which  all  nerves  converge 
from  the  two  sides.  There  are  two  principal  systems  of  converging  fibres 

(1)  ‘fibres  convergentes  inferieures,’  including  all  the  fibres  which 

travel  from  the  periphery  to  the  central  ganglia,  without  regard  to  the 
direction  in  which  they  conduct;  and  (2)  ‘fibres  convergentes  superieures,’ 
including  all  the  cortical  fibres,  for  these  in  a similar  way  seek  the  central 
ganglia.  ~ All  fibre-roads  of  the  first  category  are  broken  on  their  way  to 
the  ganglia  by  still  other  grey  masses.  All  cross  the  middle  line,  although 
the  fibre-systems  of  the  two  sides  of  the  body  remain  distinct  from  one 
another.  The  other  kind  of  fibres,  ‘fibres  convergentes  superieures,’ pass 
without  crossing  and  without  interruption  from  the  cortex  to  the  ganglia. 
They  are  united,  however,  with  those  of  the  opposite  side  by  a special 

commissural  system.  . , 

Meynert,  in  formulating  his  scheme,  commences  with  the  cortex  oi  the 

great  brain,  as  being  the  organ  devoted  to  conscious  processes.  All  routes 
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which  serve  as  media  of  communication  between  the  cortex  of  the  cerebrum 
and  the  outer  world  are  grouped  together  in  a chief  system.  Through  the 
fibres  of  this  system  sense-pictures  are  projected  on  the  perceptive  cortex  ; 
and,  further,  not  only  are  movements  of  one’s  own  body  the  source  of 
sensations  of  movement  which  are  represented  in  the  brain  in  the  same 
way  as  phenomena  of  the  outer  world,  but  the  cortex  also,  by  means  of  the 
motor-tracts,  reflects  outwards  again  the  states  of  stimulation,  information 
with  regard  to  which  is  transferred  to  it  by  means  of  sensory  nerves. 
These  conducting  paths  Meynert,  therefore,  terms  collectively  a ‘projec- 
tion system.’ 

The  cells  of  the  cortex  are  connected  with  the  corresponding  cells  of 
the  opposite  side  by  ‘ commissural-systems  ’ and  with  cells  of  distant  parts 
of  the  same  hemisphere  by  ‘ association-systems.’  The  medullated  fibres 
which  connect  the  lobes  of  the  great  brain  with  the  cortex  of  the  cere- 
bellum fall  into  a special  class. 

The  ‘projection  system’  is  divided  into  segments  by  the  intercala- 
tion of  two  kinds  of  grey  matter.  The  first  segment  consists,  for  the  most 
part,  of  fibres  radiating  from  the  central  ganglia  to  the  cortex — the  corona 
radiata.  The  second  segment  extends  from  the  basal  ganglia  to  the  grey 
matter  surrounding  the  central  cavities  in  the  peduncular  system.  The 
third  segment  of  the  projection  system  is  made  up  of  the  peripheral 
nerves  which  have  their  origin  in  the  grey  matter  bordering  the  cavities 
from  the  aqueduct  of  Sylvius  down  to  the  end  of  the  spinal  cord. 

A.  Hill’s  scheme  is  simple.  He  argues  that  the  central  nervous  system 
consists  fundamentally  of  but  two  parts,  or  tissues,  the  older  plexus  of 
grey  matter  accumulated  in  the  vicinity  of  the  central  canal  (the  ‘ central 
grey  tube  ’)  and  the  more  recent  and  more  plastic  mantle  of  grey  matter 
which  covers  the  surface  of  the  cephalic  vesicles  (the  ‘peripheral  grey 
tube  ’).  These  two  tubes  are  connected  by  cell-processes,  which,  protected 
by  medullary  sheaths,  make  up  the  mass  of  white  matter  which  intervenes 
between  the  central  and  peripheral  tubes.  The  central  grey  tube  is  in 
direct  relation  with  both  anterior  and  posterior  peripheral  roots.  Its 
plexus  is  divided  metamerically  into  * centres  ’ for  nerves.  It  includes  the 
optic  thalami.  The  peripheral  grey  tube  comprises  two  chief  fields  of 
cortex,  the  cerebellar  and  cerebral  mantles,  connected  by  afferent  and 
efferent  fibres  with  the  several  metameric  clumps  of  the  lower  or  central 
grey  tube.  It  is,  therefore,  itself  divided  into  areas  connected  indirectly 
only  with  the  several  peripheral  nerves. 

The  above  is  a superficial  survey  of  the  schemata  of  Meynert , Luys,  and 
Hill ; it  is  hardly  possible  to  give  an  account  of  other  views  as  to  the  plan 
of  the  nervous  system.  Aeby  takes  his  stand  upon  the  segmental  constitu- 
tion of  the  spinal  cord,  each  metamer  of  which  belongs  to  an  anterior  and 
posterior  root.  In  the  brain  a similar  segmentation  may  be  traced,  but  it 
affects  the  stem  region  only,  not  the  cortex.  Aeby  analyses  the  relations  of 
the  grey  masses  and  the  tracts  of  fibres  on  this  basis. 

Flechsig  has  designed  a ‘plan  of  the  human  brain,’  but  it  is  impossible 
to  reduce  his  views  to  an  abstract ; it  may  just  be  mentioned  in  this  place 
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that  he  summarises  the  conducting  paths  in  the  four  following  chief 
systems:— (1)  the  (relatively)  direct  connection  of  the  cortex  with  motor 
and  sensory  nerves;  (2)  system  of  the  optic  thalamus;  (3)  system  of  the 
pons ; (4)  system  of  the  tegment,  to  which  belong  the  fibres  of  the  corpora 
restiformia,  as  well  as  certain  columns  of  the  spinal  cord. 


I.  TOPOGRAPHY  OF  THE  SPINAL  CORD. 

The  internal  structure  of  the  spinal  cord  is  best  studied  by  means  of 
sections  of  the  hardened  organ  cut  transversely.  The  comprehension  of 
the  anatomical  relations  of  its  several  parts  is,  however,  aided  by  studying 
sections  cut  in  other  planes.  For  example,  pieces  of  the  spinal  cord  from 
the  cervical  or  lumbar  enlargement,  of  from  1 to  T5  cm.  long,  arc  cut  into 
sagittal  sections  (antero-posterior  sections  parallel  to  its  long  axis).  Frontal 
sections  (from  side  to  side,  but  parallel  to  the  long  axis)  are  also  pre- 
pared. Oblique  sections  may  be  useful  under  certain  conditions;  such  can 
be  cut  in  the  plane  of  entry  of  the  posterior  roots  for  example.  A series  of 
these  longitudinal  sections  should  be  made,  not  necessarily  unbroken,  but 
containing  at  least  fifteen  or  twenty  specimens  from  the  half  of  a single 
cord.  They  are  best  mounted  on  collodion  plates  (see  p.  12).  Where 
the  preparations  are  not  required  to  be  histologically  faultless  it  is  advis- 
able to  let  the  cord  lie  for  from  three  to  six  weeks  in  chromate  of  potassium 
and  subsequently  in  alcohol,  and  to  embed  in  celloidin.  Freshly-prepared 
chromic  cords  of  animals  (horse,  ox,  etc.)  give  beautiful  preparations,  even 
without  hardening  in  alcohol  and  embedding  in  celloidin.  They  furnish 
the  best  material  for  fine  carmine  preparations,  and  for  the  study  of  many 
minute  questions  of  structure. 

The  structure  of  the  cord  changes  from  region  to  region ; therefore  it 
is  desirable  to  study  a large  number  of  sections  taken  at  intervals  from  the 
whole  length  of  the  cord,  in  order  that  one  may  be  enabled  to  recognise 
approximately  the  level  from  which  a given  section  was  taken.  The 
lowest  magnification  suffices  to  arrange  these  sections  in  their  order.  We 
shall,  therefore,  first  describe  the  appearances  of  sections  as  seen  under  a 
weak  objective. 

It  is  best  to  make  two  parallel  series  of  sections  in  this,  as  in  many 
other  investigations,  treating  each  series  secundum  artem  with  a special 
method  of  staining.  The  one  series  is  coloured  with  alum-lnematoxylin 
and  then  with  carmine,  or  with  carmine  or  nigrosin  alone ; — in  all  cases 
except  such  as  involve  pathological  changes  it  is  sufficient  to  stain  the 
nuclei  of  a section  here  and  there  with  alum-hrematoxylin.  In  view  of  the 
uncertainty  of  carmine  staining  it  is  well  worth  while  to  try  v.  Gieson’s 
method,  which  generally  proves  an  excellent  substitute.  The  other  series 
is  coloured  by  one  of  the  methods  of  medullary-sheath  staining  described 
on  pp.  19  et  seq. ; and  in  some  cases  further  treated  with  other  staining- 
agents.  Of  course  this  docs  not  exclude  the  occasional  employment  of 
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other  approved  staining-methods.  Thus,  the  number  and  position  of  the 
nerve-cells  can  be  most  plainly  seen  by  hardening  in  alcohol  and  staining 
with  methylene-blue  by-Nissl’s  method  (p.  16).  It  is  not  necessary  to 
adhere  strictly  to  all  the  cautions  he  gives,  the  less  so  as  the  object  in  view 
is  not  an  examination  of  the  minutest  details  of  structure. 

Many  important  details  of  the  internal  structure  of  the  spinal  cord  can 
only  be  observed  by  the  application  of  the  silver  method  of  impregnation 
to  embryonic  tissue.  Unfortunately,  the  materials  for  such  investigation 
are  not  always  to  hand,  and  in  many  cases  the  personal  observation  of  the 
student  must  necessarily  be  confined  to  such  facts  as  can  be  gathered  from 
other  methods  of  preparation. 

In  the  ordinary  method  of  taking  the  brain  out  of  the  skull-case,  the 
spinal  cord  is  usually  cut  across  at  the  level  of  the  second  or  third  cervical 
nerve. 

We  will  commence  our  description  with  a section  through  this  region 
(fig.  103,  half  of  the  cord  only  represented).  Transverse  sections  of  the 
cord  should  always  be  drawn  with  the  ventral  half  downwards,  if  for  no 
other  reason  yet  because  it  is  necessary  to  observe  this  arrangement  at  the 
transition  to  the  medulla  oblongata  and  at  higher  levels.  In  the  first 
place  we  notice  that  a complete  section  is  divided  into  two  almost 
symmetrical  halves.  On  the  ventral  side  the  fissura  longitudinalis  ven- 
tralis,  Fsla , sinks  into  the  substance  of  the  cord.  After  reaching  in  depth 
about  a third  of  the  antero-posterior  diameter,  it  splits  into  two  short 
lateral  divisions.  From  the  sulcus  longitudinalis  dorsalis,  Fslp,  a gleia- 
septum  (septum  medianum  dorsale,  Sind)  dips  inwards  about  half  as  far 
again  as  the  ventral  fissure,  which  it  almost  meets.  Only  a narrow  bridge 
of  nerve-substance  which  unites  the  two  halves  of  the  grey  matter  together, 
the  commissura  medulla?  spinalis,  Cm,  intervenes  between  the  two  fissures. 

The  commissure  falls  into  two  well-marked  divisions,  the  anterior  or 
white  commissure  on  the  ventral  side,  the  grey  commissure  on  the  dorsal. 
The  latter  is  again  divided  into  the  commissura  grisea  anterior  and  the 
commissura  grisea  posterior  by  the  central  canal  with  its  envelope  of 
substantia  gelatinosa  centralis,  which  lies  in  the  middle  of  it. 

The  white  investing  sheath  and  the  central  grey  substance  are  clearly 
differentiated  in  the  spinal  cord. 

The  grey  matter  on  either  side  of  the  section  we  are  now  considering 
appears  as  an  elongated  area  with  its  long  axis  placed  almost  sagittally ; in 
the  dorsal  half  it  bends  a little  sideways.  The  grey  masses  of  the  two 
hemispheres,  taken  together,  make  an  H,  the  cross  bar  of  which  is  formed 
by  the  grey  commissure.  The  larger  part  of  the  grey  matter  lies  on  the 
ventral  side  of  the  cord,  and  is  known  as  the  anterior  horn,  Cra  (cornu 
anterius),  the  more  slender  portion  is  directed  backwards  as  the  posterior 
horn,  Crp  (cornu  posterius). 

Considered  in  their  continuity  the  anterior  and  posterior  horns,  extend- 
ing as  they  do  as  veritable  columns  throughout  the  whole  length  of  the 
spinal  cord,  may  well  be  termed,  as  is  often  done,  the  anterior  and  posterior 
columns. 
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The  short  lateral  bulging  of  the  grey  matter  opposite  the  commissure 
is  pointed  out  as  the  lateral  horn,  rTil  (middle  horn,  tractus  intermedio- 
lateralis).  The  re-entrant  angle  between  the  posterior  and  lateral  horns  is 
filled  in  with  trabecula;  of  grey  substance,  between  which  room  is  left  for 
the  passage  of  columns  of  fibres ; the  network  of  grey  strands  constitutes 
the  processus  reticularis,  Pr  (by  many  persons,  Goll  for  instance,  termed 
the  lateral  horn). 

The  anterior  horn  is  round,  while  the  posterior  horn  is  fusiform  in 
shape.  The  much  drawn-out  point  of  the  spindle  (apex  cornu  posterioris, 
Ap)  looks  as  if  it  were  continued  to  the  sulcus  lateralis  dorsalis.  The 
posterior  horn  never  actually  reaches  the  surface  of  the  cord ; at  every 
level  we  find  an  intervening  tract  of  white  matter,  called  by  Lissauer  the 
marginal  zone,  by  Waldeyer  the  medullary  bridge.  It  is  connected  with 
the  rest  of  the  grey  matter  by  the  basis  cornu  posterioris ; dorsal  to  the 
base,  it  is  constricted  into  a neck  [cervix  cornu  posterioris],  while  the  real 
body  of  the  spindle  is  known  as  the  head  [caput  cornu  posterioris]. 

Two  kinds  of  grey  matter  are  usually  distinguishable  from  one  another 
under  low  magnification,  when  the  preparation  is  stained  with  carmine — 
substantia  spongiosa  and  substantia  gelatinosa. 

In  preparations  made  by  Weigert’s  method  or  Pal’s  the  substantia 
spongiosa  stands  out  in  pale-grey  from  the  blackened  medulla,  the  sub- 
stantia gelatinosa  remains  almost  uncoloured.  Carmine  and  nigrosin  give 
the  substantia  gelatinosa  the  darker  colour. 

The  latter  is  limited  to  two  regions — (1)  immediately  around  the 
central  canal  (substantia  gelatinosa  centralis);  (2)  in  a part  of  the  posterior 
horn  where  it  forms  the  cap  on  the  top  of  the  caput  cornu  posterioris 
(substantia  gelatinosa  Rolandi,  Sg).  Dorsally  it  extends  into  the  apex, 
while  it  is  concave  ventrally.  The  spongy  substance  is  far  more  consider- 
able in  amount. 

The  anterior  roots,  Pa,  are  seen  springing  from  the  anterior  horn ; 
they  take  their  exit  in  several  (3-8)  thin  bundles  of  medullated  nerves 
which  traverse  the  white  substance  in  a horizontal  plane  while  distinctly 
curving  outwards  in  their  course.  Even  with  the  least  magnification  it  is 
possible  to  see  in  the  anterior  horn  the  large  nerve-cells  which  give  origin 
to  the  fibres  of  the  anterior  roots.  These  do  not  fall  into  sharply-defined 
groups.  Conspicuous  on  the  mesial  margin  of  the  anterior  horn  is  some- 
times a peculiar  group  of  longish  cells,  the  commissure  group  of  Lenhossck. 
A group  of  smaller  cells,  more  closely  pressed  together,  is  seen  in  the 
lateral  horn.  Large  cells  are  scattered  in  the  processus  reticularis. 
Waldeyer  gives  the  name  of  * middle  cells  ’ to  a group  at  the  base  of  the 
posterior  horn.  It  can  be  seen  most  clearly  in  the  cervical  medulla,  on 
the  ventral  side  of  the  respiratory  bundle  (to  which  I shall  presently  refer), 
but  may  be  followed  downwards  as  far  as  the  lumbar  region.  Single  cells, 
generally  of  inconsiderable  size,  are  found  in  various  parts  of  the  grey  sub- 
stance. From  the  region  of  the  processus  reticularis  in  some  sections  at 
this  level  (although  not  in  the  particular  one  which  is  now  being  described) 
distinct  bundles  of  nerves  are  seen  coursing  towards  the  periphery  in  arches 
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directed  dorso-laterally.  These  are  the  root-fibres  of  the  nervus  accessorius 
WillisiL 

Tlie  dorsal  or  posterior  nerve-roots,  Rp,  are  seen  entering  the  posterior 
horn  at  the  sulcus  lateralis  dorsalis,  Sid.  Part  of  their  fibres  can  be 
followed  to  the  mesial  side  of  the  posterior  horn,  another  part  streams 
directly  into  the  substantia  gelatiuosa  Rolandi.  The  fibres  of  the  first 
group  describe,  in  their  course  through  the  posterior  column,  more  or  less 
open  arches,  and  seem  to  sink  into  the  grey  substance  of  the  posterior 
horn,  in  which  they  can  be  followed  ventrally  for  a considerable  distance. 


Fig.  103.  Fig.  104.  Fig.  105. 


Figs.  103-109. — Transverse  sections  through  the  human  spinal  cord.  Carmine 

staining.  Magn.  5. 

Fig.  103. — Section  at  the  level  of  the  third  cervical  nerves. — Fsla,  Fissura  longitudinalis 
anterior  ; Fslp,  fissura  longitudinalis  posterior  ; Fna,  anterior  column  ; Fnl,  lateral 
column  ; FnB,  Burdach’s  column  ; FnG,  Goll’s  column  ; Smd,  septum  medianum 
dorsale ; Spd,  septum  paramedianum  dorsale  ; Sid,  sulcus  lateralis  dorsalis ; Jlp, 
radix  posterior  ; Fa,  radix  anterior  ; Cra,  anterior  horn  ; Crp,  posterior  horn  ; Til, 
tractus  intermedio-lateralis  ; Pr,  processus  reticularis  ; Sg,  substantia  gelatinosa 
Rolandi ; Ap,  apex ; k,  respiratory  bundle  of  Krause ; Cm,  commissura  medullas 
spinalis;  Cg,  commissure  grisea ; ca,  commissura  alba ; Cc,  central  canal. 

Fig.  104. — Transverse  section  at  the  level  of  the  sixth  cervical  nerves. — Prm,  Processus 
cerviealis  medius  cornu  anterioris;  Til,  lateral  horn. 

Fig.  105. — Transverse  section  at  the  level  of  the  third  dorsal  nerves. — CCl,  Clarke’s 
vesicular  column. 

The  white  substance  of  the  cord  is  usually  divided  into  several  columns. 
(1.)  The  posterior  column  (dorsal  column,  Kdlliker),  which  extends  on 
either  side  of  the  septum  medianum  dorsale  as  far  as  the  posterior  horn. 
A constant  septum  of  gleia  (septum  paramedianum  dorsale,  Spd)  starts  at 
the  surface  and  passes  inwards  with  an  inclination  towards  the  median 
septum,  and  often  gives  off  a branch  directed  outwards  towards  the 
posterior  horn.  It  splits  the  posterior  column  into  two  well-defined  sub- 
divisions, of  which  the  mesial  or  smaller  is  termed  Golfs  column  or  the 
funiculus  gracilis,  FnG,  the  larger  one  is  Burdach’s  column  or  funiculus 
cuneatus,  FnB  (ground  bundle  of  the  posterior  horn). 

(2.)  The  lateral  column,  Fnl,  usually  considered  as  extending  from  the 
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outer  margin  of  the  posterior  horn  to  the  most  latci'ally  situate  bundle  of 
the  anterior  root. 

(3.)  The  anterior  column,  Fna,  surrounding  the  ventral  and  mesial 
surfaces  of  the  anterior  horn. 

It  has  been  recognised  for  a long  time  that  the  division  between  the 
anterior  and  lateral  columns  is  an  artificial  one,  and  hence  they  are  often 
united  under  the  name  of  antero-lateral  column  (ventral  column,  Kolliktr). 

In  addition  to  the  three  white  columns  already  mentioned,  the  white 
commissure,  ca  (commissura  alba),  still  remains  to  be  described.  It  lies  on 
the  ventral  side  of  the  grey  commissure,  and  forms  a narrow  bridge  across 
from  one  of  the  anterior  columns  to  the  other. 


Fig.  108. 


Fig  106. -Transverse  section  at  the  level  of  the  twelttn  aorsa.  nerves. -7, , — , 
g Iv  latero -ventral ; Id,  latero-dorsal ; c,  central  groups  of  cells  of  anterior  horn. 

Fig.  107. -Transverse  section  at  the  level  of  the  fifth  lumbar  nerves.-CCT,  Clarkes 

Fig.  los'.— -Tranayerae  section  at  th.  level  of  the  third  s.or.1  nerve,. -m,  Medial  1 Id, 

Fig.  W^T°'“L«r,“:  teflon  through  th.  inferior  port  of  the  conus  medull.ri,  at  origin 
of  nervus  coccygeus. 

Lastly,  a small,  but  often  very  conspicuous,  bundle  of  nerve-fibres  is  cut 
transversely  in  this  section  (the  respiratory  bundle  of  Krause , 1),  vhici 
lies  in  th/  basis  cornu  posterioris  on  the  mesial  side  of  the  processus 
reticularis.  It  is  not  always  easy  to  distinguish  from  other  nerve  bundles 

hl  iTwelow  muster  our  sections  in  order  from  the  third  cervical  to  the 
end  of  the  spinal  cord  we  meet  with  changing  conditions,  subject,  however, 

tn  not  inconsiderable  individual  variations.  . . 

At  the  fourth  cervical  the  picture  presented  by  a section  is  almost  the 

It  ha  assumed  an  elliptical  form,  the  amount  of  eccentricity  of  the 
It  has  assun  c i undles  of  the  accessorius  are  no  longer 

ellipse  being  very  variable.  Koot-mmcues  oi 

distinguishable. 


CERVICAL  AND  DORSAL  CORD. 
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The  cervical  enlargement  reaches  its  maximum  at  the  level  of  the  sixth 
cervical  nerve  (fig.  10-1).  Here  the  anterior  and  lateral  horns  are  fused 
together  into  a considerable  mass,  forming  in  cross-section  an  equilateral 
triangle.  A little  grey  protuberance  (processus  cervicalis  medius  cornu 
anterioris,  Prm)  projects  from  the  middle  of  the  ventral  side  of  the 
anterior  horn,  giving  it  a triangular  shape.  A group  of  large  nerve-cells 
is  seen  in  each  corner  of  the  triangle.  Although  the  anterior  and  lateral 
horns  are  fused  together  it  is  usually  possible  to  recognise,  near  the  dorsal 
border  (formerly  the  lateral  border)  of  the  anterior  horn,  the  closely 
aggregated  cells  of  the  former  lateral  horn,  Til. 

The  posterior  horn  has  also  increased  in  size,  but  not  so  obviously  as 
the  anterior,  without,  however,  losing  its  elongated  form.  Still  it  must  be 
pointed  out  that  the  increase  in  size  of  the  posterior  horn  is  almost 
restricted  to  its  mesial  side,  so  that  now  the  apex  rises  with  a step  from 
the  posterior  column,  a peculiarity  which  (despite  many  changes  in  form) 
it  retains  throughout  the  rest  of  the  spinal  cord.  The  lateral  inclination  of 
the  posterior  horn  now  becomes  less  marked,  its  long  axis  lies  more  parallel 
to  the  dorso-ventral  diameter  of  the  medulla.  The  processus  reticularis 
loses  in  development,  and  so,  too,  does  the  so-called  respiratory  bundle. 

The  cervical  enlargement  is  still  at  a maximum  at  the  level  of  the 
seventh  cervical  nerve,  beyond  the  eighth  it  gradually  decreases.  The 
processus  cervicalis  medius  (which  is  sometimes  lacking  even  in  the  region 
of  the  seventh)  sinks  away  and  the  ventral  side  of  the  anterior  horn  is 
bounded  instead  by  a slightly  concave  line. 

At  the  level  of  the  first  dorsal  nerve  the  lateral  horn  grows  rapidly 
smaller,  at  the  same  time  retiring  mesially  until,  between  the  seventh  and 
eighth  it  projects  like  a beak  from  the  lateral  border  of  the  grey  matter 
(fig.  105).  The  characteristic  group  of  cells  which  constitute  the  lateral 
horn  is  extended  towards  the  posterior  horn.  Thus  it  comes  about  that 
the  total  cross-section  of  the  grey  matter  again  assumes  the  form  of  the 
letter  H which  we  remarked  in  the  upper  cervical  region  ; the  two  sections 
are,  however,  easily  distinguishable,  for  the  one  from  the  dorsal  region  has 
the  characteristic  features  which  we  have  just  remarked — its  grey  matter 
is  narrower  and  more  slender,  the  respiratory  bundle  is  absent,  the  pro- 
cessus reticularis  poorly  developed,  the  posterior  horn,  directed  a little 
outwards,  rises  by  a step  on  its  mesial  side.  At  the  same  time  the  main 
body  of  it  retreats  noticeably  from  the  periphery,  with  which  it  is  con- 
nected by  a narrow  streak.  At  the  level  of  the  seventh  or  eighth  cervical 
a group  of  cells,  not  found  at  higher  levels,  makes  its  appearance  in  the 
basis  cornu  posterioris,  near  its  mesial  border,  CCl.  The  fibres  of  the 
posterior  roots  arch  around  this  column.  In  it  are  contained  at  first  only 
scattered  cells  of  large  size.  It  has  been  named  Clarke’s  column  (columna 
vesicularis,  dorsal  nucleus  of  Stilling).  Only  in  the  dorsal  region  do  the 
cells  of  this  column  constitute  a well-defined  group  which  causes  a mesial 
bulging  of  the  posterior  horn.  In  many  preparations  of  the  upper  dorsal 
cord  these  cells  are  altogether  absent.  In  many  spinal  cords,  on  the  other 
hand,  we  meet  with  single  cells,  running  far  up  into  the  cervical  medulla, 
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in  a position  corresponding  to  that  occupied  by  Clarke’s  columns  in  the 
dorsal  region.  Waldeyer  calls  these  ‘ Stilling’s  cells.’ 

Except  for  the  slow  increase  in  size  in  Clarke’s  column  from  above  down- 
wards, it  is  impossible  to  distinguish  the  several  sections  of  the  dorsal  cord 
from  one  another.  Clarke’s  column  is  best  developed  at  the  eleventh  or 
twelfth  dorsal,  and  at  this  level  the  total  amount  of  grey  substance  begins 
again  to  increase ; this  is  the  commencement  of  the  lumbar  swelling  (fig. 
106).  Here  the  posterior  horn  again  inclines  outwards,  recalling  the  dis- 
position in  the  cervical  cord ; the  great  size  of  Clarke’s  column,  however, 
and  the  relatively  broader  mass  of  grey  substance,  allow  of  no  mistake. 

In  the  region  of  the  cord,  from  which  the  lumbar  nerves  come  off,  the 
cross  section  of  the  grey  matter  increases  both  in  the  anterior  and  the 
posterior  horns.  Nevertheless,  the  total  size  of  the  cord  in  the  lumbar 
region  can  never  equal  that  of  the  cervical  enlargement,  for  the  constantly 
diminishing  amount  of  white  matter  observed  in  descending  the  cord  tells 
in  the  total  cross-section.  The  difference  in  relative  amount  of  grey  and 
white  substance  is  obvious  (fig.  107).  The  section  is  nearly  cylindrical  in 
this  region. 

In  comparison  with  its  shape  in  the  cervical  region  the  anterior  horn  is 
noticeably  more  rounded.  So,  too,  is  the  posterior  horn,  the  main  mass  of 
which,  owing  to  the  shortening  and  thickening  of  the  apex,  approaches 
nearer  to  the  dorsal  surface.  At  the  fourth,  and  still  more  at  the  fifth, 
lumbar  nerve  where  the  grey  matter  is  most  abundant  the  lateral  horn 
again,  acquires  a certain  amount  of  independence  after  having  been  involved 
in  the  upper  lumbar  region  in  the  rounded  enlargement  of  the  anterior 
hom.  Here,  too,  the  large  nerve-cells  are  more  distinctly  collected  in 
groups  than  anywhere  else.  Their  arrangement,  however,  is  not  quite 
constant,  and  hence  they  have  been  variously  described.  Between  the 
second  and  third  lumbar  nerves  Clarke’s  column  again  disappears  almost 
completely,  though  in  exceptional  cases  it  is  represented  lower  down 
by  isolated  cells.  In  the  anterior  horn  the  cells  are  arranged  as  follows : — 

1.  A rather  small  mesial  group  (the  commissural  group,  m),  not  very 
well  defined,  to  which  the  whole  of  the  mesial  border  of  the  anterior  horn 
belongs.  It  consists  almost  entirely  of  fusiform  cells  arranged  with  their 
axes  in  a sagittal  direction. 

2.  A latero-venti-al  group  ( Lv ). 

3.  A latero-dorsal  group  (Lrt). 

4.  A middle-group  (c)  almost  in  the  centre  of  the  anterior  horn. 

The  general  appearance  of  the  cross-section  is  somewhat  changed,  owing 
to  the  anterior  longitudinal  fissure  cutting  more  deeply  into  the  substance 
of  the  cord,  whereby  the  anterior  commissure  is  carried  almost  to  the 
middle  of  its  sagittal  axis.  The  septum  paramedianum  is  often  wanting 
below  the  lower  dorsal  nerves. 

From  the  point  of  exit  of  the  lowest  fibres  of  the  anterior  root  of  the 
fifth  lumbar  nerve  in  the  conus  medullaris,  the  spinal  cord  rapidly 
diminishes  in  size  until  it  terminates  in  the  filum  terminale.  The  white 
sheath  diminishes  much  more  quickly  than  the  central  grey  masses,  which 
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rapidly  obtain  the  preponderance.  In  most  cords  we  notice  that  the  mesial 
part  of  the  posterior  column  is  separated  from  the  dorsal  by  a septum,  and 
is  either  simply  depressed  on  the  dorsal  periphery,  as  in  fig.  108,  or,  more 
commonly,  forms  a rounded  projection  at  the  bottom  of  a groove.  This 
formation  is  not  analogous  to  Goll’s  column  in  the  upper  portion  of  the  cord, 
hut  is  a fibre-tract  of  distinct  character,  the  fasciculus  dorso-medialis  sacralis. 

The  form  of  the  grey  horns  is  not  much  altered,  but  they  become 
plumper;  the  posterior  horn  especially  appears  more  uniformly  rounded. 
The  grey  commissure  becomes  broader  and  approaches  nearer  to  the 
posterior  surface,  at  the  level  of  the  lowest  sacral  nerves,  where  the  cord 
scarcely  attains  4 nun.  in  diameter ; but  little  room  is  left  for  the 
posterior  columns. 

Of  the  several  groups  of  nerve-cells  described  above,  only  the  latero- 
dorsal  group,  Lcl,  and  the  mesial  group,  to,  remain  by  the  time  the  third 
sacral  nerve  is  reached  (fig.  108).  At  the  level  of  the  fourth  sacral  nerve 
no  distinct  groups,  but  merely  large  scattered  cells,  are  seen.  In  many 
cords  a group  of  cells  representing  Clarke’s  columns  (Stilling’s  sacral 
nucleus)  reappears  at  the  base  of  the  posterior  horn. 

Even  at  the  end  of  the  conus  medullaris  (fig.  109),  the  region  from 
which  the  nervus  coccygeus  springs,  the  typical  formation  of  the  spinal 
cord  is  evident.  The  filum  terminale  is  nothing  but  a tube  of  epithelium 
with  a thin  covering  of  grey  substance,  the  last  remnants  of  the  central 
grey  matter  of  the  cord.  The  lower  half  of  the  filum  terminale  consists 
only  of  an  artery,  a vein,  and  some  fibres  which  represent  the  atrophied 
second  (and  possibly  the  third  and  fourth)  coccygeal  nerve. 

As  already  noticed,  the  relation  which  the  grey  and  the  white  matter 
bear  to  one  another  in  amount  changes  considerably  from  the  cervical 
region  to  the  conus  medullaris.  Although  there  are  individual  differences, 
it  is  as  well  to  tabulate  the  average  measurements  made  by  Stilling  in  a 
man  twenty-five  years  old. 
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HISTOLOGY  OF  THE  SPINAL  CORD. 


It  must  be  remarked  that  in  Stilling's  last  five  tables  of  measurements 
compiled  from  observations  upon  other  subjects,  the  white  substance  from 
the  third  sacral  nerve  downwards,  almost  without  exception,  falls  below  the 
grey  in  amount,  the  slight  excess  of  white  matter  in  the  conus  medullaris 
(*)  of  this  case  must  therefore  be  regarded  as  unusual. 

Our  knowledge  of  the  spinal  cord  in  different  vertebrate  animals,  though 
extensive,  is  as  yet  incomplete.  To  Kdlliker’s  indefatigable  industry  we 
owe  the  best  compendium  of  data  already  determined  as  well  as  a vast 
amount  of  fresh  information  (JIandbuch  der  Geicebelehre,  6th  ed.). 

2.  HISTOLOGY  OF  THE  SPINAL  CORD. 

The  sections  of  the  cord  which  have  already  served  for  the  study  of  the 
more  conspicuous  variations  in  structure  at  different  levels  may  now  be 
used  for  work  with  higher  powers. 

Beginning  with  the  white  sheath  we  find  that  it  appears  at  first  sight 
to  consist  almost  exclusively  of  longitudinal  fibres.  In  cross-sections, 
stained  in  carmine,  they  ‘look  like  little  suns’  (fig.  110).  The  diameter 
of  the  fibres,  exclusive  of  the  sheath  of  Schwann,  varies ; in  man  from  1 '5 
to  25  /i ; in  the  horse  they  may  be  as  large  as  50  /x ; in  the  spinal  cords  of 
some  fish  particular  fibres  are  even  larger.  Such  is  the  colossal  Mauthner’s 
fibre,  found  in  the  anterior  column  of  the  spinal  cord  in  front  of  and  to 
the  outer  side  of  the  central  canal  in  the  pike  and  other  fishes,  which 
measures  more  than  0T  millimeter.  Nearly  everywhere  thick  and  thin 
fibres  are  mixed  together ; but  certain  local  peculiarities  in  grouping  are 


Fig.  110.  — Cross-section  of  the  anterior  column  of  the  spinal  cord.  Stained  with  carmine. 
Magn.  150. — a,  Peripheral  grey  investment;  6,  a small  septum.  In  the  white 
substance  besides  the  nerve-fibres  cut  across,  some  of  which  are  coarse  and  others 
fine,  three  distinct  stellate  neurogleial  cells  are  seen ; one  of  these  is  indicated 
by  the  letter  c. 

to  be  noticed.  Many  thick  fibres  occupy  the  peripheral  region  of  the 
anterior  and  lateral  columns ; in  the  angle  between  anterior  and  posterior 
horns  (the  central  part  of  the  lateral  column)  thin  fibres  preponderate.  In 
the  posterior  column,  Burdach’s  column  contains  not  a few  coarse  fibres, 
while  Goll’s  column  is  entirely  made  up  of  fairly  fine  fibres.  The  difference 
between  these  two  subdivisions  of  the  posterior  column  is  especially  pro- 
nounced in  the  cervical  cord.  The  larger  the  fibres  which  it  contains  the 
lighter  does  any  particular  region  appear  when  stained  with  carmine ; the 
smaller  its  fibres  the  darker  its  colour,  especially  when  looked  at  with 
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the  naked  eye  or  a simple  lens.  Goll’s  column,  for  instance,  is  in  the 
cervical  cord  conspicuously  darker  than  its  neighbour. 

Silver  preparations  of  the  embryonic  cord  show  that  many  of  these 
fibres  give  off  collaterals  which  penetrate  the  grey  substance  to  a varying 
depth,  and  then  break  up  into  arborescent  systems.  It  is  quite  possible 
that  Ranvier’s  nodes  may  be  situate  at  the  points  of  the  main  fibre  from 
which  the  collaterals  start  ( Donaldson ).  These  collaterals  are  invested 

with  a medullary  sheath,  and  are  often  perceptibly  finer  than  the  parent 
fibre.  They  usually  start  at  an  angle,  more  or  less  acute,  and  pass  into 
the  transverse  plane  of  the  cord  (fig.  111). 

The  fibre  is  often  somewhat  thicker  at  the 
point  of  junction  than  elsewhere.  The 
largest  number  of  collaterals  are  found  in 
the  region  of  the  entrance  of  the  posterior 
roots,  near  the  posterior  horn,  and,  generally 
speaking,  in  the  inner  zones  of  the  medullary 
substance.  The  pyramidal  tracts  possess 
but  few  collaterals,  and  Lenliossek  could 
discover  none  in  Goll’s  column  and  the 
peripheral  layers  of  the  lateral  column.  The 
collaterals  are  not  brought  out  in  equal 
numbers  or  with  corresponding  distinctness 
by  many  of  the  methods  of  colouring  at 
present  employed  upon  the  developed  nervous 
system,  although  the  axis-cylinders  are  very 
sharply  differentiated  by  some,  such  as  car-  Fig<  m.  _ Longitudinal  fibres 
mine-staining  and  v.  Gieson’s  method.  It  has,  wjth  collaterals,  from  the 

therefore,  yet  to  be  proved  that  their  disposi-  spinal  cord  of  a human  em- 

tion  is  the  same  in  the  nervous  system  of  the  brjo.  Silver  prep. 
adult  and  the  embryo. 

In  rare  instances  nerve-cells  are  found  scattered  singly  in  the  medulla 
of  the  spinal  cord. 

The  periphery  of  the  medullary  substance  is  separated  from  the  pia 
mater  by  a thin  layer  of  grey  matter,  5 to  40  p,  or  exceptionally  as  much 
as  100  p thick.  This  is  the  cortical  layer  of  the  cord,  the  subpia  of 
Waldeyer,  the  peridyma  of  Lenliossek  (fig.  110,  a). 

The  cortical  layer  is  entirely  composed  of  gleia,  the  fibres  uniting  in  a 
close  felt-work.  The  cells  are  not  very  numerous  but  rich  in  processes. 
Of  these,  the  greater  part  take  a circular  course ; others,  running  some 
longitudinally,  some  horizontally,  either  plunge  into  the  white  substance 
of  the  cord  or  proceed  towards  the  periphery,  where  they  usually  end  in  a 
little  swelling.  There  are  other  gleia-cells  lying  immediately  beneath  the 
cortex  or  even  deeper  in  the  medulla  which  bear  a part  in  its  formation. 
The  little  swellings  at  the  end  of  all  the  radial  fibres  which  reach  the 
surface  unite  to  form  an  exceedingly  delicate  and  apparently  continuous 
membrane,  the  cuticula,  or  membrana  limitans  (His),  or  endothelial  mem- 
brane ( Gierke ) which  adheres  closely  to  the  inner  surface  of  the  pia  mater 


214 


SYMPATHETIC  FIBRES. 


Lenhossek  is  of  opinion  that  even  if  a cleft  traversed  by  fibres  should  appear 
in  sections  between  the  pia  mater  and  the  peripheral  layer  of  gleia,  it  ought 
to  be  attributed  to  the  shrinkage  of  the  preparation  consequent  upon  the 
hardening  process.  From  the  cortical  layer  septa,  some  thicker,  some  thinner, 
pass  through  the  white  substance,  carrying  numerous  vessels  with  them.  They 
split  the  white  matter  into  columns,  divided  again,  by  lateral  septal  plates,  into 
fasciculi.  The  septa  themselves  are  formed  of  gleia-cells  of  the  cortical  layer, 
the  peripheral  parts  of  the  grey  substance,  and  cells  situate  in  the  septum. 

The  largest  and  most  constant  of  these  septa,  the  septum  medianum 
posterius,  occupies  a place  apart.  Even  in  the  adult  it  consists  chiefly  of 
processes  of  the  posterior  ependyma  cells.  The  forked  cleft  which  in  most 
other  septa  may  be  observed,  widening  by  degrees  from  the  periphery  to 
the  centre,  is  much  less  commonly  met  with  in  it. 

Many  large  gleia-cells  are  interposed  between  the  fibres  outside  the 
septa  (fig.  110,  c).  They  are  all  long-rayed  (see  p.  166).  Those  which  lie 
near  the  periphery  send  out  numerous  processes  into  the  cortical  layer, 
while  most  of  the  processes  of  the  inner  cells  are  longitudinally  disposed 
(fig.  72).  Hence  in  transverse  sections  stained  in  carmine  we  see  many 
small  dark  dots  of  which  it  is  hardly  possible  to  say  whether  they  are 
naked  axis-cylinders  or  processes  of  gleia-cells. 

Besides  the  longitudinal  fibres,  numerous  transverse  bundles,  as  well  as 
fibres,  which  run  obliquely,  are  also  to  be  found  in  the  medullary  substauce 
of  the  spinal  cord.  They  are  : — 

(1)  The  anterior  root-bundles  which  in  the  cervical  and  lumbar  regions 
are  made  up  almost  exclusively  of  thick  fibres,  but  contain  in  the  dorsal 
region  many  thin  fibres  also  ( Siemerling ).  The  former  are  the  motor  fibres 
(18  to  20  [x)  of  the  skeletal  muscles,  the  latter  (2  to  3 /x)  probably  innervate 
the  muscles  of  the  viscera  and  blood-vessels! 

With  a view  to  writing  the  anatomy  of  the  sympathetic  system,  Gaskdl 
has  made  transverse  sections  of  all  nerve-roots  attached  to  the  cerebro-spinal 
axis  in  the  dog,  and,  as  Schwalbe  had  done  for  Man,  determined  the  situa- 
tions in  which  the  small  nerve-fibres  occur.  The  ramus  visceralis  consists 
of  small  medullated  fibres  which  enter  into  the  formation  of  both  anterior 
and  posterior  roots.  It  appears  that  their  outflow  occurs  in  the  facial  and 
glosso-pharyngeal  nerves ; for  the  thoracic  region,  and  to  a certain  extent 
also  for  the  stomach,  in  the  vagus  nerve ; some  of  the  fibres  (accelerator, 
for  the  heart,  and  fibres  for  the  abdominal  viscera,  leave  the  spinal  cord 
from  the  second  dorsal  to  the  second  lumbar  nerves,  whilst  the  dilator  fibres 
for  the  pelvic  viscera  accompany  the  roots  of  the  second  and  third  sacral. 

No  small  fibres  are  found  in  the  roots  of  the  cervical  or  lower  lumbar 
and  first  sacral  nerves.  The  series  of  visceral  roots  is  interrupted  in  these 
two  regions. 

[According  to  the  manner  of  their  peripheral  distribution,  the  visceral 
fibres  may  be  divided  into  two  groups — (A)  those  connected  with  distributive 
cells  in  the  ganglia  which  lie  nearest  to  the  vertebral  column,  the  * lateral 
ganglia’  or  ganglia  of  the  ‘sympathetic  chain,’  as  it  is  usually  called 
in  human  anatomy ; (B)  those  which  retain  their  medullary  sheaths  as 
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far  as  the  ganglia  which  lie  in  the  course  of  the  larger  blood-vessels, 
the  ‘collateral  ganglia,’  and  only  by  the  intervention  of  the  cells  of 
these  ganglia  are  broken  up  into  bunches  of  non-medullated  fibres.  These 
two  sets  of  fibres  are  differently  distributed  throughout  the  three  regions 
of  the  cerebro-spinal  axis  to  which  visceral  roots  are  attached.  Class  B,  or 
fibres  which  pass  by  the  lateral  ganglia  without  using  their  myelin-sheaths, 
are  found  in  all  three  regions.  Class  A is  further  divisible  into  the  motor 
fibres  for  the  alimentary  canal  which  leave  the  cerebro-spinal  axis  iu  the 
vagus  nerve,  the  motor  fibres  for  the  walls  of  the  blood-vessels  which  are 
entirely  restricted  to  the  thoracic  outflow,  and  some  others.  It  appears 
that  the  two  classes,  A and  B,  are  as  widely  distinct  in  function  as  in 
anatomical  disposition.  Class  A includes  motor,  accelerator,  constrictor 
fibres,  fibres  for  circular  muscles,  all  katabolic  or  exhaustive  in  action. 
Class  B comprises  the  inhibitory,  retarding,  dilator  nerves,  nerves  sup- 
plying longitudinal  muscle-fibres,  or  in  other  words,  all  the  visceral  fibres 
possessing  an  anabolic  or  restorative  function.] 

(2)  The  posterior  roots  and  their  collaterals  containing  thick  and  thin  fibres. 

(3)  The  white  commissure  which  lies  at  the  bottom  of  the  anterior 
longitudinal  fissure,  and  attains  to  a thickness  of  nearly  half  a millimeter. 
In  most  mammals  the  white  commissure  does  not  form  a single  bundle  (or 
as  it  may  better  be  described,  having  regard  to  its  continuity,  a compact 
nervous  membrane),  as  it  does  in  man,  but  it  is  made  up  of  many  little 
bundles  which  cross  the  anterior  fissure  at  difl'erent  levels,  and  pierce  the 
anterior  columns  instead  of  lying  completely  beneath  them. 

(4)  Finally,  numerous  fibres,  singly  or  in  small  bundles,  traverse  the 
white  columns  and  plunge  into  the  central  grey  mass,  particularly  into  the 
anterior  hom.  These  are  either  longitudinal  fibres  from  the  white  substance 
which  bend  over  on  the  transverse  surface,  or  the  collaterals  of  such  fibres. 

In  the  central  grey  mass  two  substances  are  to  be  distinguished,  as 
already  mentioned  : — A.  Substantia  spongiosa.  The  grey  substance 
also  possesses  a gleial  scaffolding,  the  cells  of  which  stain  distinctly  blue 
with  alum-hsematoxylin.  Here,  again,  we  must  turn  to  the  silver  method 
for  further  disclosures.  Lenhosstk  has  demonstrated  that  both  long-rayed 
and  short-rayed  cells  are  to  be  found  in  the  grey  horns,  the  former  being 
especially  abundant  in  the  neighbourhood  of  the  large  cells  of  the  anterior 
horn.  Among  the  long-rayed  cells  those  which  occupy  in  large  numbers 
the  marginal  portions  of  the  grey  substance  deserve  special  mention. 
Their  distinguishing  characteristic  is  the  fan-like  radiation  of  their  pro- 
cesses, which  arise  almost  without  exception  on  the  inner  side  and  plunge 
into  the  grey  substance,  hemming  it  iu  with  a close  felt-work. 

In  successful  carmine  preparations  (especially  if  alcohol  has  not  been  used 
to  harden  them),  but  still  better,  in  sections  stained  after  Weigert’s  method, 
the  spongy  substance  is  seen  to  be  traversed  in  all  directions  by  medullated 
nerves  of  the  most  varied  calibre  (figs.  112,  113).  They  interlace  in  all 
directions,  and  appear  in  transverse  sections  of  the  cord,  cut  obliquely  and 
transversely  as  well  as  exposed  in  length.  In  many  places,  however,  they 
follow  defined  directions,  as  may  be  pointed  out  in  the  following  regions  : 


216 


ATTACHMENT  OF  NERVE-ROOTS. 


The  anterior  root-fibres  are  seen  to  diverge  shortly  before  plunging 
into  the  real  grey  matter  of  the  anterior  horn.  Within  the  grey  matter 
they  spread  out  in  a broad  brush  (fig.  112,  a),  both  brain- and  caudal-wards, 
as  can  be  seen  in  sagittal  longitudinal  sections.  The  outermost  fibres  on 
either  side  may  diverge  so  far  that  they  form  a fibrous  layer  between  the 
gio^y  and  white  substance.  Other  bundles,  also  running  parallel  to  the 
transverse  section  of  the  cord,  are  often  met  with  in  the  marginal  portion 
of  the  anterior  horns,  which  they  to  a certain  extent  encompass.  They  can 
be  most  clearly  seen  on  the  lateral  margin,  particularly  in  the  deep  angle 
made  by  the  junction  of  the  anterior  with  the  lateral  horn  (fig.  113). 


Fig.  112. — Junction  of  the  anterior 
root  • bundles  with  the  anterior 
horn.  Lumbar  region.  Matjn. 

30. — 1,  Anterior  white  column  ; 

2,  anterior  horn;  a,  a,  two  root-  Fig.  114. — A nerve-cell  from  the  anterior 

bundles.  On  the  right  side  four  horn  of  the  human  spinal  cord.  — a, 

culls  belonging  to  a group  of  nerve-  Axis  - cylinder  process;  b,  clump  of 

cells  are  to  be  seen.  pigmont-grauules. 

A conspicuous  bundle  of  thick  fibres  is  often  found  running  backwards 
from  either  anterior  or  lateral  horn  (Pal). 

In  the  anterior  horn  bundles  of  fibres  are  seen  to  converge  towards  the 
white  commissure. 


The  arched  fibres  of  the  posterior  roots  retain  their  independence  far 
into  the  substance  of  the  posterior  horn.  The  ground-substance  of  Clarke’s 
column,  as  well  as  the  grey  matter  enclosed  within  the  concavity  of  the 
substantia  Rolandi  (the  posterior  zone  of  the  substantia  spongiosa  of  the 
posterior  horn),  is  conspicuous  by  its  clearness  in  carmine  preparations  and 
by  its  uniform  grey  colour  in  those  made  by  Weigert’s  or  Pal’s  method. 
It  is  made  up  chiefly  of  a vast  number  of  delicate  medullated  fibres.  In 
the  posterior  horn  these  fibres  have  for  the  most  part  a longitudinal  course. 
Very  distinct  bundles  of  coarse  fibres  also  are  almost  invariably  met  with 
running  longitudinally.  They  are  in  intimate  relation  with  the  cells  of 
Clarke’s  column. 

Besides  the  plexus  of  medullated  fibres  the  grey  substance  contains  a 
second  network  of  non-medullated  fibres.  It  is  difficult  to  bring  this 
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second  plexus  into  view  in  carmine  preparations,  only  occasional  fibres 
being  visible.  Their  cross-sections  appear  as  fine  dark  dots.  By  the  silver 
method,  however,  we  can  clearly  see  that  this  felt-work  is  made  up  of  the 
ramifications  of  arborescent  systems  and  protoplasmic  processes. 

There  are  several  kinds  of  nerve-cell  in  the  spinal  cord.  We  will  begin 
by  considering  them  as  they  appear  in  carmine  preparations.  The  cells  of 
the  anterior  horn  are  the  most  conspicuous  (fig.  114).  These  are  frequently 


Fig.  113.— Cross-section  through  the  lumbar  cord  (humau).  Pal's  staining.  Magn.  12. 


termed  motor  cells,  since  it  is  generally  understood  that  they  give  origin 
to  the  fibres  of  the  anterior  root.  These  large  cells  are  not  limited 
to  the  anterior  horn,  however,  for  they  are  found  singly  in  other  places, 
such  as  the  processus  reticularis.  They  have  a number  of  processes 
(from  five  to  eight),  giving  them  in  cross-section  a stellate  form.  In 
size  they  vary  from  35  to  100  /x.  Methylene-blue  staining  shows  that  the 
characteristic  structure  of  these  cells  exhibits  in  its  details  the  type  repre- 
sented m fig.  54.  Each  coll  possesses  a large  round  nucleus,  as  much  as 
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18  /x  in  diameter,  with  distinct  nuclear  bodies  and  nucleolus.  They 
always  contain  a clump  of  yellow  pigment.  Since  their  processes  taper  off 
from  the  cell-substance  it  is  not  possible  to  define  sharply  the  limits 
between  processes  and  body,  and,  hence,  various  estimates  of  size  are 
given.  The  size  of  the  cells  is  supposed  by  Pierret  to  bear  a direct 
relation  to  the  length  of  the  fibres  to  which  they  give  origin.  Hence, 
they  are  largest  in  the  lumbar  swelling — somewhat  smaller  in  the  cervical 
swelling,  and  smallest  in  the  dorsal  region.  The  axis-cylinder-process  of 
these  cells  can  be  sometimes  followed  for  a great  distance,  usually  into  an 
anterior  root-bundle,  but  not  rarely  also  into  a fibre-bundle  which  enters 
the  lateral  column  (fig.  117).  It  may  be  that  this  difference  in  course 
implies  a corresponding  difference  in  the  functional  meaning  of  the  cell. 
I shall  touch  upon  this  point  more  in  detail  presently.  It  has  already 

been  mentioned  that,  especially  in  the  lumbar 
enlargement,  the  cells  are  collected  into  roundish 
groups  isolated  by  grey  matter  which  stains  more 
deeply  (fig.  112).  The  darker  colouring  is  due  to 
the  smaller  number  of  mcdullated,  and  the  greater 
quantity  of  non-medullated  fibres,  as  well  as  to  the 
greater  richness  in  vessels.  Each  cell  is  more  or 
less  distinctly  surrounded  by  a pericellular  space. 

The  cells  of  Clarke’s  column  are  somewhat 
smaller,  30  to  GO  /x  [in  transverse  diameter],  less 
well  provided  with  processes,  and  richer  in  pigment 
(fig.  115).  They  are  slightly  more  elongated  in 
their  longitudinal  than  they  are  in  the  transverse 
axis.  One  or  two  processes  leave  the  sides  of  the 
cell,  and  almost  constantly  a single  process  is 
attached  to  either  pole.  They  join  the  cell  more 
abruptly  than  the  processes  of  the  cells  of  the 
anterior  and  lateral  horns,  and  hence  the  cell 
presents  a rounder  form.  Longitudinal  sections 
show  us  that  the  pigment  hardly  ever  lies  to  the 
side  of  the  nucleus,  but  is  almost  always  ac- 
cumulated  at  one  of  the  poles.  Their  nuclei  are 
seen  in  a longitudinal  large  and  conspicuous  like  those  of  the  cells  ot  the 
section  of  the  spinal  anterior  horn.  Their  processes  can  often  be  fol- 
cord  of  the  horse.  Magn.  lowed  a long  distance  in  longitudinal  sections  with- 
150.  The  arrow  points  ^ ^ geen  to  divide. 

towards  the  hrean.  ^ of  another  kind,  presenting  every  transi- 

tional form  from  those  of  the  anterior  horn,  are  scattered  through  the 
spongy  substance.  They  are  smaller  in  size  (even  as  little  as  15  /*  m 
diameter),  and  have  fewer  processes;  appearing,  therefore,  triangular  or 
spindle-shaped.  Attention  should  be  especially  directed  to  certain  stand- 
points with  regard  to  them. 

(1)  In  the  centre  of  the  grey  matter  lying  between  the  lateral  horn  and 
the  grey  commissure  spindle-shaped  cells  arc  disposed  with  a process  directed 
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dorso-laterally  towards  the  arched  fibres  of  the  posterior  root,  of  the  fibres 
of  the  mesial  portion  of  which  they  may  be  looked  upon  as  the  probable 
source.  Other  medium-sized  cells  are  found  in  this  region ; Waldeyer 
classes  them  together  under  the  name  of  middle  cells. 

[Other  connections  for  the  spindle-shaped  cells  at  the  base  of  the 
posterior  horn  have  been  suggested.  Gaskell  thinks  it  possible  that  they 
give  origin  to  the  motor-fibres  of  the  muscles  of  the  alimentary  canal,  the 
inhibitory  fibres  coming,  as  he  may  almost  be  said  to  have  proved,  from 
the  cells  of  Clarke’s  column.  The  translator  has  on  several  occasions 
pointed  out  that  every  nerve-fibre  is  a process  of  a nerve-cell ; that  it 
grows  out  from  the  cell  in  the  direction  in  which  it  afterwards  conducts 
impulses ; that  when  the  fibre  has  a considerable  calibre  and  traject,  a 
large  cell  is  needed  for  its  nutrition.  If  these  positions  can  be  maintained, 
it  follows  that  anatomists  have  been  in  error  in  assigning  all  the  con- 
spicuous cells  of  the  spinal  cord  to  extrinsic  nerves ; the  fibres  connecting 
the  spinal  cord  with  the  brain  must  start  from  cells  sufficiently  large  (an 
unknown  relation)  to  provide  for  their  nutrition.  The  assumption  that 
the  fusiform  cells  at  the  base  of  the  posterior  horn  are  connected  directly 
with  the  fibres  of  the  posterior  roots  is  contrary  to  the  observed  course  of 
their  axis-cylinder  processes  ( Gerlach ),  and  still  more  opposed  to  the 
experimental  evidence  derived  from  cutting  the  spinal  nerves,  which  shows 
that  sensory  fibres  have  their  nutrient  cells  in  the  spinal  ganglia,  or  in 
some  cases  still  nearer  the  periphery,  but  not  in  the  spinal  cord.  The 
translator  thinks  it  probable  that,  amongst  others,  the  scattered  cells 
beneath  the  substantia  gelatinosa  Rolandi  bear  the  same  relation  to  the 
ascending  intrinsic  fibres  as  the  pyramidal  cells  of  the  cerebral  cortex  bear 
to  the  descending  fibres  of  the  pyramidal  tract.]* 

(2)  At  the  apex  of  the  lateral  horn  throughout  the  whole  dorsal  cord, 
and  the  neighbouring  parts  of  the  cervical  and  lumbar  regions,  a column  of 
small  closely-packed  cells,  most  of  them  fusiform,  is  found  sharply  marked 
olf  from  the  larger  motor  cells  which  the  lateral  horn  also  contains. 

* For  the  sake  of  clearness  the  above  statements  are  made  without  qualification,  but 
certain  facts  with  which  they  seem  at  the  moment  irreconcilable  are  not  overlooked. 
With  regard  to  the  assumption  that  fibres  grow  in  the  direction  in  which  they  subse- 
quently conduct  impulses  : — in  the  case  of  the  motor  roots  of  the  peripheral  nerves  this 
is  obviously  true,  and  much  might  be  said  a priori  in  favour  of  the  probability  of  its 
being  the  universal  rule.  The  fibres  starting  in  the  olfactory  bulb,  the  retina  and  the 
nerve-cells  of  the  lamina  spiralis  of  the  cochlea  grow  inwards  towards  the  ccrebro-spinnl 
axis  ; in  other  sensory  nerves  the  law,  if  it  be  a law,  clearly  does  not  apply.  The 
posterior  roots  of  the  spinal  nerves  grow  from  the  cells  of  the  spinal  ganglia  in  opposite 
directions,  one  process  towards  the  centre,  the  other  towards  the  periphery.  There 
may,  however,  be  a morphological  reason  for  this  which  will  reduce  it  to  the  level  of  a 
further  adaptation  rather  than  an  exception.  If,  as  there  are  reasons  for  thinking,  the 
original  sense-organs  were  situate  in  the  locality  of  the  present  spinal  ganglia,  whether 
in  their  present  situation  or  farther  afield  matters  little,  and  if  these  organs°were,  at  this 
time,  the  only  end-stations  of  sensory  nerves,  it  follows  that  the  extension  of  sensibility  to 
the  surface  generally  was  due  to  a circumferential  growth  of  the  sensory  nerves.  After 
the  loss  of  the  sense-organs  associated  with  the  spinal  ganglia,  the  circumferential  growth 
of  sensory  nerves  still  in  all  probability  bears  testimony  to  their  modo  of  origin. 
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(3)  Amongst  the  scattered  cells  of  the  substantia  spongiosa,  those 
which  lie  in  various  parts  of  the  posterior  horn  deserve  attention. 

The  behaviour  of  the  cell-processes  can  be  observed  in  fuller  detail  by 
the  use  of  the  silver  method. 

This  enables  us  first  to  divide  the  cells  into  two  classes : 

(a)  Those  of  which  the  axis-cylinder  process  passes  out  of  the  grey 
substance. 

(b)  Those  of  which  the  axis-cylinder  process  breaks  up  within  the  grey 
substance. 

Again,  we  can  subdivide  the  first  class  into : 

(1)  Cells  of  which  the  axis-cylinder  process  enters  a nerve-root ; and 

(2)  Cells  of  which  the  axis-cylinder  process  becomes  a longitudinal 
fibre  of  the  white  substance. 

The  cells  in  the  first  of  these  subordinate  groups  may  be  called  root- 
cells  (cellules  radiculaires).  The  best-known  of  them  are  the  scattered 
cells  found  throughout  the  anterior  horn.  The  chief  process  of  every  one 
of  these  passes  either  directly  or  by  a slight  circuit  into  an  anterior  root 
and  becomes  an  anterior  root-fibre  (fig.  116,  a,  b,  c,  d,  e).  These  fibres 
sometimes,  though  rarely,  give  off  collaterals,  which  run  backwards  into 
the  grey  substance  between  the  cells  of  the  anterior  horn.  Sometimes, 
though  much  less  frequently,  the  axis-cylinder  process  of  a root-cell  can  be 
followed  to  a posterior  root  ( g ).  Most  cells  of  this  sort  lie  in  the  dorsal 

part  of  the  anterior  horn  (vide  supra). 

The  protoplasmic  processes  of  root-cells  can  ofteu  be  followed  for  a long 
distance ; some  of  them  cross  the  middle  line  behind  the  white  commissure 
and  extend  far  into  the  anterior  horn  on  the  other  side  (the  protoplasmic 
commissure  of  Ramon  y Cajal).  Others  extend,  sometimes,  into  the  white 
columns.  They  occasionally  traverse  the  white  columns  to  the  very 
periphery  of  the  cord.  This  is  especially  the  case  with  animals  low  in 
the  scale. 

The  cells  of  the  second  group  are  called  columnar  cells  (/,  li,  i,  k,  l,  ?i), 
because,  instead  of  forming  root-fibres,  the  axis-cylinder  processes  which 
arise  from  them  are  continued  as  longitudinal  fibres  of  the  white  substance, 
and  go  to  make  up  the  white  columns  of  the  spinal  cord.  In  a limited 
sense  the  name  columnar  cell  is  applied  only  to  a cell  from  which  the 
axis-cylinder  process  enters  one  of  the  white  columns  on  the  same  side 
(usually  the  lateral,  more  rarely  the  anterior,  and  most  rarely  the  posterior 
column)  with  or  without  collaterals.  In  the  lateral  column  the  fibre  turns 
upwards  (or,  less  frequently,  downwards)  almost  at  a right  angle,  or  divides 
into  an  ascending  and  a descending  ramus.  When  the  axis-cylinder  process 
enters  the  white  commissure  and  is  continued  as  a longitudinal  fibre  of 
the  anterior  column  of  the  farther  side,  the  cell  is  called  a commissural 
cell. 

Finally,  there  are  cells  of  which  the  axis-cylinder  process  divides  in  the 
grey  substance  into  several  branches,  which  pass  into  the  various  columns 
of  one  side  or  of  both.  These  are  the  pluricordonal  cells  of  Ramon 
y Cajal. 


SUBSTANTIA  GELATINOSA. 


221 


The  cells  which  fall  under  the  heading  b,  that  is,  those  of  which  the 
axis-cylinder  process  breaks  up  into  its  final  ramifications  within  the  gicy 
substance  (m,  o),  are  found  in  the  greatest  abundance  in  the  posterior  horn. 
They  are  the  so-called  Golgi’s  cells  (to,  o),  or  intercalary,  or  reflex  cells. 

B.  Substantia  gelatinosa.— Two  regions  histologically  distinct  are 
included  under  this  title.  The  only  feature  they  have  in  common  is  that 
both  are  poor  in  medullated  fibres,  and  consequently  appear  darker  than 
the  rest  of  the  grey  substance  when  stained  in  carmine  or  nigrosin,  and 
lighter  when  stained  by  Weigert’s  method  or  Pal’s. 

The  cap  of  gelatinous  substance  which  covers  the  posterior  horn,  the 
substantia  gelatinosa  Rolandi,  often  shows  a peculiar  striation,  parallel 
in  direction  with  the  posterior  collateral  roots,  but  only  partly  to  be  referred 
to  them. 

There  is  hardly  any  part  of  the  central  nervous  system  which  presents 
so  many  difficulties  to  the  histologist.  The  principal  conclusion  arrived  at 
by  recent  methods  of  staining  is  that  the  greater  part  of  the  substantia 
gelatinosa  Rolandi  is  not  composed  of  gleia ; indeed,  gleial  cells  and  fibres 
are  less  abundant  here  than  in  other  parts  of  the  transverse  section  of  the 
cord.  The  silver  method  shows  small  and  isolated  nerve-cells  (fig.  116,  o) 
with  the  axis-cylinder  process  directed  backwards  in  every  case.  It  can 
never  be  followed  far  ( Lenhossek ).  It  is  also  possible  to  discern  a fairly 
thick  plexus  of  exceedingly  fine  fibres  ( Lustig , Kdlliker,  Lenhossbk).  As, 
however,  the  nature  of  the  actual  ground  substance  of  this  region  is  still 
undetermined,  recourse  has  been  had  to  the  examination  of  its  embryonic 
condition.  Vignal,  Comil,  and  others,  had  already  pointed  out  that  the 
substantia  Rolandi  in  the  embryo  is  very  rich  in  little  round  cells. 
Lenhossek  was  able  to  demonstrate  that  these  are  peculiar  nerve-cells  of 
the  smallest  possible  size,  most  of  which  send  out  an  axis-cylinder  process 
into  the  lateral  column.  In  post-embryonic  life  they  probably  succumb  to 
a retrogressive  metamorphosis,  a degenerative  process  of  some  kind,  and 
blend  into  an  indistinguishable  mass.  This  theory  receives  confirmation  from 
the  investigation  of  the  conus  medullaris  in  adult  life.  This  must  be  looked 
upon  as  a part  of  the  spinal  cord  which  has  remained  stationary  at  a low 
stage  of  development.  In  the  most  caudal  sections  of  the  cord  the  sub- 
stantia Rolandi  is  seen  to  consist  chiefly  of  pale  cells  and  remains  of  cells, 
which  have  survived  from  the  period  of  foetal  life  ( Brautigam ),  while  the 
other  and  more  fully  developed  parts  of  the  cord  have  perished  by  the 
retrogressive  metamorphosis  already  referred  to. 

The  extreme  peripheral  stratum  of  the  posterior  horn  is  of  a different 
character  from  the  substantia  gelatinosa.  This  layer,  which  is  rich 
in  medulla,  has  been  called  the  border  zone  ( Lenhossek ),  the  zonal 
layer  (1  Valdeyer),  or  the  sponsions  zone  ( Lissauer ).  Here  we  find  single 
cells,  usually  elongated  (marginal  cells),  with  axis-cylinder  processes 
directed  towards  the  lateral  column  (fig.  116,  n,  22).  In  the  lower  sacral 
cord  especially,  at  a level  from  which  all  other  large  cell-elements  have 
disappeared,  certain  large  scattered  and  often  vesicular  cells  arc  very 
conspicuous  on  the  periphery  of  the  posterior  horn. 
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[The  complete  history  of  the  substantia  gelatinosa  has  yet  to  be  written. 
This  substance  is  not  distinguishable  in  the  earliest  stages  of  the  develop- 
ment of  the  central  nervous  system,  whereas  in  what  might  be  called  the 
middle  period,  after  the  appearance  of  the  fibre-columns  which  ensheath  the 
grey  matter,  and  especially  about  the  fifth  month  of  intra-uterine  life,  the 
cap  of  gelatinous  substance  which  covers  the  posterior  horn  is  extremely 
large  and  conspicuous  owing  to  its  being  packed  with  small  nuclei  which 
stain  darkly  in  carmine. 

According  to  Coming,  the  substantia  gelatinosa  first  appears  as  a local 
thickening  of  the  inner  layer  of  the  grey  matter  in  its  dorsal  portion. 
This  thickening  extends  outwards  over  the  posterior  horn  to  the  point  of 
entrance  of  the  posterior  roots.  Finally,  it  divides  into  two  portions,  or 
rather  the  greatly  developed  cap  of  the  posterior  horn  breaks  away  from  the 
original  formation  which  lies  in  the  dorsal  wall  of  the  central  canal.  In 
new-born  animals  the  same  authority  tells  us  it  consists  of  two  kinds  of 
cells — the  first  with  large  clear  nuclei  and  oval  or  fusiform  cell  bodies ; the 
second  with  darkly  staining  nuclei  and  indistinguishable  cell  bodies.  The 
contrast  between  the  cells  of  these  two  classes,  the  one  clearly  nervous  and 
the  other  belonging  to  the  neurogleia,  is  still  more  marked  fifteen  days 
after  birth.  The  nerve-cells  do  not  lose  their  indifferent  character  until 
after  the  cells  of  the  anterior  horn  and  the  grey  matter  of  the  posterior 
horn  are  differentiated. 

If  we  bear  in  mind  the  origin  of  the  sensory  ganglia  from  rudiments 
laid  down  beyond  the  borders  of  the  medullary  plate,  but  caught  in  between 
the  lips  of  the  plate  as  it  closes  into  a tube  (fig.  2),  and  consider  that  the 
posterior  roots  grow  into  the  cerebro-spinal  axis  from  the  sensory  ganglia, 
we  shall  see  that  it  is  not  improbable  that  the  substantia  gelatinosa  is  also 
formed  from  this  ganglionic  rudiment.  If  this  be  the  case,  it  belongs  not 
to  the  medullary  plate,  but  to  the  ingrowing  sensory  root,  being,  in  fact, 
the  brush  of  filaments  into  which  the  short  posterior  root  breaks  up  on 
entering  the  cord,  together  with  their  small-cell  connections  and  supporting 
neurogleia.  The  long  extension  of  root-fibres  up  the  posterior  columns  is 
ontogenetically  and  phylogentically  a later  development.  Ilis  concluded 
from  his  observations  that  it  is  formed  from  immigrant  cells,  but  looked 
upon  these  cells  as  mesoblastic  or  connective  tissue. 

The  substance  of  Rolando  is  supplied  by  the  arteries  of  the  posterior 
roots,  whereas  all  the  rest  of  the  grey  matter  receives  its  blood  from 
arteries  which  dip  down  into  the  anterior  sulcus.  This  is  a far-reaching 
distinction,  for  the  arteries  of  the  roots  are  strictly  segmental,  whereas  the 
sulcal  arteries  arise  from  the  common  anterior  spinal. 

The  demonstration  by  tbe  chrome-silver  method  of  the  minute  cells 
(granules)  of  the  substantia  Rolandi  with  their  axis-cylinder-processes  directed 
towards  the  lateral  column  seems  to  bring  the  substance  into  the  same  cate- 
gory as  the  gelatinous  (molecular)  and  granular  layers  of  the  olfactory 
bulb  and  retina ; it  points  to  the  local  origin  of  the  inotamers  of  the  central 
nervous  system.  The  preponderance  of  the  gelatinous  substance  in  foetal 
life  indicates  that  the  primitive  cerebro-spinal  axis  consisted  of  the  nervous 
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tissue  related  to  the  mctameric  sense-organs  and  its  connection  within  the 
metamer  with  a motor  ganglion.  The  shrinkage  of  the  gelatinous  substance 
as  growth  advances  is  the  onto-genetic  recapitulation  of  the  process  of 
centralisation  which  has  occurred  in  the  vertebrate  nervous  system.  At 
first  each  metamer  was  complete  in  itself,  with  its  sense-organ,  clump  of 
nervous  tissue  at  its  base,  and  motor  ganglia.  Gradually  the  afferent  fibres 
were  diverted  to  higher  fields,  and  what  might  be  termed  the  ‘ sense-organ 
nervous  system,’  which  remains  peripheral  in  the  cases  of  the  nose  and  the 
eye,  was  dispersed  throughout  the  higher  parts  of  tlie  central  grey  tube, 
including  its  extension  upwards  in  the  brain.] 

The  substantia  gelatinosa  centralis  surrounds  the  central  canal  and 
spreads  out  a little  into  the  grey  commissure.*  It  consists  of  a close  felt- 
work  of  neurogleia.  In  the  vicinity  of  the  central  canal  we  find  more  or 
fower  angular  cells  which  may  well  be  derived  from  the  epithelium.  Here, 
also,  we  find  some  gleia-cells  of  peculiar  character.  Their  processes  are 
remarkably  long  and  strong.  They  are  for  the  most  part  arranged  concen- 
trically round  the  central  canal  and  matted  into  a close  felt-work.  In  front 
of  the  central  canal  some  gleia-cells  are  visible,  which  send  thick  fasciculi 
through  the  anterior  commissure  (the  spider-cell  commissure  of  Lenhoss6k). 

A description  of  the  central  canal  is  best  inserted  here.  Its  epithelial 
lining  has  already  been  referred  to,  but  I must  add  a few  observations  on 
the  disposition  of  the  epithelial  cells  and  their  processes.  We  have  already 
seen  that  in  the  embryo  the  peripheral  processes  of  most  of  the  epithelial 
cells  extends  radially  through  the  nerve-substance  to  the  pia  mater.  The 
posterior  columns  and  posterior  horns  are  not  traversed  by  these  fibres.  In 
the  cat,  only  the  mesial  part  of  the  posterior  horn  is  free  from  them. 

The  behaviour  of  the  cells  on  the  anterior  and  posterior  margin  of  the 
central  canal  is  quite  different.  The  peripheral  processes  all  form  concentric 
arches,  open  towards  the  bottom  of  the  fissura  anterior,  and  thus  produce 
a peculiar  marking,  which  in  section  resembles  an  onion  (the  anterior 
epeudyma-wedge  of  Retzius).  The  posterior  cells  form  a posterior 
ependyma-wedge,  though  their  processes  are  less  wide  apart,  and  unite, 
when  they  have  passed  the  grey  commissure,  into  a compact  bundle, 
directed  sagittally,  the  septum  posticum  (or  raphe  posterior  of  Waldeyer). 

I have  already  mentioned  that  in  the  higher  vertebrates  the  radial 
fibres  atrophy  as  growth  progresses ; but  the  septum  posticum  remains  as 
an  abiding  vestige  of  this  embryonic  rudiment.  The  cross-section  of  the 
central  canal  varies  ; in  the  upper  cervical  region  it  is  irregular,  but  usually 
almost  square,  and  sometimes  very  wide.  It  begins  to  be  reduced  to  a 
narrow  cleft  about  the  level  of  the  fifth  or  sixth  cervical  nerves.  The  cleft 
is  placed  frontally  coinciding  in  direction  with  the  grey  commissure,  but 
often  gives  off  from  its  centre  a dorsal  branch.  The  frontal  extension  pre- 
dominates throughout  the  dorsal  region,  although  this  diameter  of  the  canal 
becomes  less  and  less,  until  at  last  it  is  almost  circular  in  cross-section.  In 

* In  many  cords  the  central  mass  of  gleia  is  very  strongly  developed  ; in  that  case  it 
sometimes  sends  a pointed  process  dorsalwards,  which  penetrates  some  way  into  the 
septum  medianum  posterius. 
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the  lumbar  cord  the  frontal  gives  way  to  a sagittal  extension ; a'  disposition 
which  is  still  more  marked  in  the  sacral  cord  and  in  the  conus  medullaris, 
where  the  canal  consists  of  an  open  ventral  and  often  of  a narrower  dorsal 
portion.  Near  the  filum  terminale  the  canal  dilates  into  a fusiform  cavity 
about  one  centimeter  long,  which  presents  in  section  the  shape  of  an 
irregular  triangle  (ventriculus  terminalis,  sinus  rhomboidalis  inferior) 
[probably  not  homologous  with  the  large  open  sinus  rhomboidalis  of  the 
bird’s  lumbar  cord  about  to  be  described].  The  canal  appears  to  end 
blindly  in  the  upper  part  of  the  filum  terminale.  In  Man  it  can  be  pro- 
perly studied  only  in  youthful  subjects. 

The  central  canal  presents  important  individual  variations  in  form. 
Only  rarely  in  the  human  adult  is  it  found  to  be  completely  pervious  as  in 
the  child  and  in  most  animals.  In  the  thick  cord  of  the  elephant  the 
central  canal  is  extremely  narrow,  in  that  of  the  dolphin  hardly  a vestige 
of  it  remains.  In  most  cases  the  sides  have  in  places  grown  together. 
The  caudal  part  of  the  cord  from  the  sacral  region  downwards  presents, 
as  a rule,  a continuous  canal ; so  does  usually  the  lumbar  cord  and  the 
cervical  cord  from  the  fifth  nerve  upwards. 

The  blocking  of  the  central  canal  is  due  to  the  overgrowth  of  the 
epithelium  which  lines  it,  as  well  as  of  the  epithelial  cells  scattered 
about  in  the  substantia  gelatinosa  centralis,  and  the  sub-epithelial  gleial- 
tissue.  When  the  overgrowth  affects  portions  of  the  margin  of  the  canal 
and  not  the  whole  of  it,  it  may  give  rise  to  septa  dividing  the  canal  into 
several  (as  many  as  five  it  is  asserted)  parallel  canals.  This  is  the  cause  of 
the  condition  described  as  double  or  treble  central  canals. 

In  birds  a space  is  left  on  the  dorsal  side  of  the  central  canal,  between 
the  diverging  columns  of  the  sacral  cord,  which  is  known  as  the  sinus 
rhomboidalis  posterior  seu  inferior.  It  is  filled  with  a gelatinous  substance 
extending  in  some  cases  as  far  as  the  ventral  periphery  of  the  central  canal. 


3.  COURSE  OF  FIBRES  IN  SPINAL  CORD. 

Sections  from  the  normal  adult  human  organ  are  insufficient  to  reveal 
the  course  of  fibres  in  the  spinal  cord.  But  little  light  would  have  been 
shed  upon  the  relations  of  the  various  fibre-systems,  which  are  by  no  means 
simple,  without  the  help  of  pathological  and  developmental  observations. 

Root-fibres,  which  are  the  direct  continuations  within  the  cord  of  fibres 
which  form  the  roots  of  the  spinal  nerves,  are  to  be  looked  upon  as  of 
equal  value  with  peripheral  nerves ; like  them  they  are  early  covered  with 
myelin,  sooner  indeed  than  any  portion  of  the  white  columns  of  the  cord. 
The  dorsal  roots  ought  not  perhaps  to  be  treated  unconditionally  as  peri- 
pheral nerves,  since  some  of  them  have  already  suffered  an  interruption 
to  their  course  in  the  cells  of  the  spinal  ganglia,  but  yet  they  belong  to 
them  both  histologically  and  histogenetically. 

The  anterior  roots  (fig.  119;  Ha,  1,  2,  3,  4,  5,  6)  originate  without 
exception  from  the  cells  of  the  anterior  horn  (fig.  1 1 G),  the  coarser,  which 
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are  also  the  more  numerous,  from  the  large  cells,  the  finer  from  the  small 
ones  (c/.  figs.  52  and  54).  Fibres  from  different  sides  converge  to  form  a 


Fig.  116. — Diagram  showing  the  course  of  fibres  in  the  spinal  cord.  B,  Burdacli’s 
column  ; ca,  anterior  commissure  ; Cl,  Clarke’s  column  ; G,  Gowers’  bundle  ; OS, 
Goll’s  column;  KS,  lateral  cerebellar  tract;  L,  border-zone  of  Lissaucr;  PyS, 
lateral  pyramidal  tract;  PyV,  anterior  pyramidal  tract;  II a,  anterior  root;  lip, 
posterior  root ; SG,  ground-bundle  of  lateral  column ; VG,  ground-bundle  of 
anterior  column  ; vH,  ventral  posterior  column-field  ; a,  b,  c,  d,  e,  /,  g,  h,  i,  situa- 
tion of  the  several  arborescent  systems  of  afferent  fibres. 


root-bundle,  which  thus  consists  of  processes  of  cells  lying  some  distance 
apart  and  at  different  levels  in  the  cord. 

Some  root-fibres  (i)  originate  from  the  cells  (a)  of  the  contra-lateral 

P 


226  FUNCTION  OF  CELLS  OF  THE  ANTERIOR  HORN. 


anterior  horn  ( Lenhossbk  denies  this) ; and,  as  the  root-fibres  are  the  first  to 
acquire  a myelin  sheath  (which  they  do  in  the  first  half  of  the  fifth  month) 
and  the  white  commissure  is  otherwise  destitute  of  myelin,  these  few 
crossed  fibres  are  easy  to  discover.  It  has  already  been  mentioned  that, 
before  leaving  the  grey  substauce,  many  root-fibres  give  off  a collateral 
directed  backwards.  In  the  cord  of  the  rabbit  Lenhosselc  was  able  to 
discern  these  collaterals  thickly  interwoven  on  the  anterior  periphery  of  the 
anterior  horn. 

The  root-bundles  start  from  the  ventral  surface  (in  the  cervical  cord 
only  from  the  mesial  half  of  it)  of  the  anterior  horn  in  a curve,  concave 
outwards,  and  pierce  the  anterior  columns  of  the  cord  obliquely  from  below 
upwards,  the  more  obliquely  the  nearer  the  section  approaches  the  end  of 
the  cord.  According  to  Birge’s  calculations,  the  correctness  of  which  is 
doubted,  however,  by  Gad  [for  it  is  obviously  very  difficult  to  recognise  the 
same  cell  in  several  sections,  or  to  make  certain  that  the  cell  minted  to  one 
section  is  not  the  same  cell  which  has  already  made  its  appearance  in  the 

section  above],  the  number  of  cells  in 
the  anterior  horn  (in  the  frog  at  least) 
corresponds  exactly  to  the  number  of 
issuiug  motor-fibres,  so  that  one  may 
consider  each  fibre  as  having  its  origin 
in  one  of  these  cells. 

The  physiological  meaning  of  the 
cells  of  the  anterior  horn  is  still  a 
fertile  theme  of  controversy.  In  the 
first  place,  their  purely  motor  functions 
must  be  insisted  upon.  Every  impulse 
which  leads  to  the  contraction  of  a 
group  of  muscle-fibres  must  pass 
through  a number  of  these  cells. 
True,  even  this  cardinal  point  cannot 
pass  unchallenged  (Schiff,  for  one, 
denies  it).  They  are  also  generally 
the  nerves  which  start  from  them,  and 
for  the  muscles  which  these  nerves  supply;  but  this  trophic  meaning, 
again,  is  denied  by  many  ( Pal  and  Kronthal,  inter  alios).  The  reason  given 
for  this  denial  is  that  the  anterior  cells  of  the  spinal  cord  are  said  to 
degenerate  without  necessarily  causing  the  destruction  of  the  nerves  which 
proceed  from  them  to  the  periphery,  while,  on  the  other  hand,  muscular 
atrophy  has  been  observed  when  the  cells  of  the  anterior  horn  were 
apparently  intact;  whereas  for  the  motor  nerve-fibres  issuing  from  the 
brain,  the  law  holds  good  throughout  that  the  maintenance  of  their  normal 
structure  is  indissolubly  bound  up  with  the  integrity  of  their  cells  of  origin 
(Kronthal).  These  cells  may  also  possess  reflex  functions,  including  that 
of  adjusting  the  muscle-tone  by  reflex  action. 

Vasomotor  and  sudatory  centres  should  also  be  sought  in  the  anterior 
and  lateral  horns  (Sherrington). 


Fig.  117. — Cell  from  the  anterior  horn 
of  the  cord  of  a human  embryo,  a, 
Axis-cylinder  process ; Ha,  anterior 
root. 

looked  upon  as  trophic  centres  for 
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With  regard  to  the  physiological  functions  of  the  various  motor  nerve- 
roots  and  cell-groups  some  general  facts  should  be  borne  in  mind. 

In  relation  to  the  muscles  which  it  supplies,  each  nerve-root  that  leaves 
the  cord  is  physiologically  rather  than  anatomically  a unit.  Ferrier  and 
Yeo  have  demonstrated  that  irritation  of  any  motor  root  in  the  ape  calls 
forth  complicated  movements  in  keeping  with  the  habits  of  the  animal. 
Thus,  irritation  of  the  first  dorsal  root  produces  the  movement  of  plucking 
a fruit ; the  eighth  cervical,  the  scalptor  ani  action ; the  seventh  cervical, 
a movement  as  if  the  body  were  being  lifted,  the  hands  clinging  to  a 
branch  ; the  sixth  cervical,  carrying  the  hand  to  the  mouth.  Similar  rela- 
tions exist  in  man,  as  can  be  seen  from  certain  diseases  of  the  roots  and 
plexuses,  such  as  Erb’s  paralysis,  which  affects  the  fifth  and  sixth  cervical 
nerves. 

But,  on  the  other  hand,  the  cell-group  which  innervates  any  particular 
muscle,  its  nuclear  region,  often  extends  into  several  segments  of  the  cord, 
and  tho  root-fibres  of  a single  muscle  are  often  distributed  through  several 
consecutive  roots  and  root-bundles. 

Another  great  difficulty  in  the  way  of  determining  the  position  occupied 
in  the  spinal  cord  by  the  nuclei  of  origin  of  single  muscles  is  that  we  are 
obliged  to  rely  for  our  conclusions  almost  entirely  upon  localised  and 
isolated  diseases  of  the  cord,  of  which  few  have  hitherto  fallen  under 
observation. 

The  classification  proposed  by  Collins  would  establish  the  following 
facts  with  regard  to  the  cervical  cord  : — 

The  cell-groups  for  the  plexus  brachialis  extend  from  the  upper  end  of 
the  fourth  cervical  segment  to  the  lower  end  of  the  first  dorsal  segment, 
and  may  be  divided  into  three  subordinate  groups,  the  uppermost  being 
destined  for  the  shoulder  and  upper  arm,  the  lowest  for  the  forearm  and 
hand.  The  nuclei  of  the  flexor  muscles  lie  deeper  and  farther  to  the  side 
than  those  of  the  extensor  muscles.  The  cells  which  innervate  the  muscles 
of  the  back  lie  inside  the  ventral  part  of  the  anterior  horn  (or  on  its  mesial 
border,  Kaiser). 

In  the  cell-group  which  extends  from  the  medulla  oblongata  into  the 
seventh  segment,  attaining  its  highest  degree  of  independence  in  the  pro- 
cessus ventralis  and  medius  (p.  209)  in  the  region  of  the  lower  cervical 
cord,  Kaiser  sees  the  nucleus  of  the  norvus  accessorius.  Prevost  and  David 
fix  upon  the  lateral  group  of  cells  in  the  lower  cervical  cord  as  supplying 
the  thenar  muscles.  It  is  possible  that  the  middle  group  of  cells  at  the 
level  of  the  fourth  and  fifth  lumbar  nerves  belong  to  the  calf-muscles 
(K abler  and  Pick).  From  a case  observed  by  Schulze,  it  would  appear  that 
the  nerve-cells  belonging  to  the  region  of  the  anterior  crural  and  obturator 
nerves  in  Man  do  not  lie  in  the  lowest  segments  of  the  lumbar  swelling,  and 
Ilemalc  is  of  opinion  that  the  musculus  tibialis  anticus,  though  supplied  by 
the  nervus  ischiadicus,  has  its  nucleus  near  the  origin  of  the  cruralis. 

From  experiments  upon  rabbits,  v.  Sass  concludes  that,  generally 
speaking,  the  muscles  situate  in  the  upper  part  of  the  extremities  in  Man 
have  their  cells  of  origin  in  the  upper  segments  of  tho  anterior  horn. 
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Lehmann  places  the  motor  cell-groups  for  the  quadriceps  muscle  in  the 
rabbit  between  the  point  of  exit  of  the  fifth,  sixth,  and  seventh  lumbar 
nerves. 

Hie  centres  for  the  innervation  of  the  bladder  and  rectum  must  be 
looked  for  in  the  upper  sacral  cord. 

The  intra-medullary  course  of  the  posterior  root-fibres  is  much  harder  to 
determine  with  certainty. 

A\  e must  not  forget  that  a small  proportion  of  them  (fig.  116,  8)  end  in 
cells  in  the  spinal  cord  (g),  and  therefore,  in  all  likelihood,  do  not  conduct 
centripetally.  This  connection  is  particularly  well  seen  in  the  cord  of 
l’etromyzon  (Freuil)  [although  its  meaning  is  doubtful,  for  we  must  bear  in 


Fig.  118. — A normal  posterior  root  from  the  lumbar  cord  at  its  entrance  into  the  cord. 
Nigrosin-staining.  The  root  looks  darker  at  the  point  where  it  is  strongly  con- 
stricted by  the  pia  mater,  owing  to  the  attenuation  or  absence  of  the  medullary 
sheath. 

mind  that  the  constitution  of  the  posterior  root  in  Petromyzon  is  different 
to  that  of  mammals  ( D’Arcy  Thompson , Ransom)].  But  by  far  the  greater 
number  of  the  fibres  which  compose  the  posterior  roots  represent  axis- 
cylinder  processes  of  cells  of  the  spinal  ganglia.  On  the  other  hand,  the 
number  of  cells  in  the  spinal  ganglia  is  from  five  to  six  times  as  large  as 
that  of  the  posterior  roots  belonging  to  them  ( Lewin , Biihler).  Again,  the 
number  of  nerve-fibres  peripheral  to  the  ganglion  exceeds  the  combined 
total  of  the  posterior  and  anterior  roots  by  from  19  to  25  per  cent.  We 
must  therefore  ascribe  a more  complicated  meaning  to  the  spinal  ganglia. 
The  root  approaches  the  spinal  cord  in  the  sulcus  lateralis  posterior  as  a 
compact  bundle.  At  the  point  where  it  pierces  the  pia  mater  and  the 
cortical  layer  it  is  constricted,  sometimes  to  a very  marked  extent  (fig.  1 1 8), 
though  the  degree  of  constriction  varies  in  different  subjects.  This  reduc- 
tion in  size  takes  place  entirely  at  the  expense  of  the  myelin  sheath. 
Consequently,  it  may  happen  that,  when  stained  by  Weigert’s  method,  the 
root  remains  colourless  at  this  point,  while  the  extra-medullary  and  intra- 


POSTERIOR  ROOTS. 


229 


medullary  portion  turn  quite  black.  In  this  case  a bright  band,  usually  a 
little  convex  on  the  outer  side,  is  seen  traversing  the  root  at  the  point  of 
constriction. 

In  the  posterior  roots  thin  fibres  everywhere  accompany  thick  ones. 
Outside  the  point  of  constriction  just  described,  the  finest  fibres  (fig.  116, 
7)  are  generally  collected  on  the  periphery  of  the  root,  with  the  exception 
of  its  mesial  part.  In  Weigert-preparations  we  see  that  within  the  cord 
they  immediately  enter  a transverse  field  (L)  situate  between  the  tip  of  the 
posterior  horn  and  the  periphery,  and,  conspicuous  from  its  light  grey 
colour,  the  boundary  zone  of  Lissauer , medullary  bridge  of  Waldeyer, 
posterior  lateral  root-zone  of  Fleclisig.  They  are  medullated  later  than  the 
mesial  root-bundles. 

The  thicker  mesial  root-fibres  divide  again  into  a lateral  and  a mesial 
group.  In  carmine-  or  Weigert-preparations  the  fibres  of  the  former  (S,  9, 
10)  seem  to  penetrate  the  substantia  gelatinosa,  traverse  it  in  many  slender 
bundles,  and  reach  the  inner  part  of  the  posterior  horn.  The  mesial 
bundles  (11,  12)  appear  to  pierce  Burdach’s  column  in  wider  or  closer 
curves.  A part  of  them  seem  to  stream  into  the  ventral  part  of  the 
posterior  horn.  But  no  single  arched  fibre  can  be  followed  without  a break 
from  its  entrance  into  the  cord  to  the  grey  substance.  It  was  therefore 
supposed  that  these  root-bundles  turned  longitudinally  soon  after  entering 
Burdach’s  column  and  ran  for  some  way  in  that  direction  before  resuming 
their  former  horizontal  course. 

Momentous  discoveries  recently  made  (notably  by  Ramon  y Cajal, 
Golgi,  Kolliker,  and  Lenhosshk)  have  given  an  entirely  new  interpretation 
to  this  circumstance  and  to  the  whole  behaviour  of  the  posterior  roots 
within  the  cord. 

The  application  of  the  silver  method  to  embryonic  cords  makes  it  plain 
that  all — or  almost  all — posterior  root-fibres  divide  soon  after  entering  the 
medulla  of  the  cord  into  two  branches,  forming  a Y,  of  which  one  limb  runs 
up  and  the  other  down,  so  constituting  (at  least  in  part)  the  posterior 
columns.  I rom  both  of  these  longitudinal  fibres  (stem-fibres)  collaterals 
(sensory)  go  off  at  right  angles,  especially  in  the  earlier  part  of  their  course. 
These  run  horizontally  into  the  grey  substance,  and,  like  the  longitudinal 
fibres  themselves,  break  up  into  arborescent  systems.  The  results  of 
observations  made  on  the  embryos  of  animals  cannot,  of  course,  be  imme- 
diately transferred  to  adult  human  beings,  but  Lenhosshk  and  Kolliker  have 
found  a similar  state  of  things  in  the  human  embryo.  Ramon  y Cajal 
succeeded  in  exhibiting  this  bifurcation  in  full-grown  specimens  of  frogs  and 
small  mammals.  There  is  invariably  a Rauvier’s  node  at  the  point  where 
it  occurs.  Not  seldom  a strong  collateral  starts  from  the  angle  thus 
foimed.  It  may  be  taken  for  granted  that  the  course  of  the  descending 
branch  is  short,  and  that  the  ascending  branch,  after  a course  of  varying 
length,  bends  round  into  the  grey  substance.  In  many  cases  it  extends  to 
the  beginning  of  the  medulla  oblongata.  The  fibres  which  are  continued 
upwards  constitute  Burdach’s  and  Goll’s  columns.  Single  root-bundles  of 
coarse  fibres  seem  to  take  a longitudinal  inclination  only  after  entering  the 
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posterior  horn  ; they  can  bo  easily  distinguished  in  the  cross-section  as  the 
longitudinal  bundles  of  the  posterior  horn,  or  Clarke’s  ascending  columns. 

With  regard  to  the  course  and  end  of  the  sensory  collaterals,  the  fol- 
lowing facts  may  be  taken  as  proved  : — Their  final  ramifications  spread 

through  the  whole  cross-section  of  the 
grey  substance  on  the  same  side  and 
across  into  that  of  the  other  side  ( Len - 
hossel r),  and  thus  come  into  relation  with 
most  of  the  cell-groups,  the  lateral  and 
mesial  root-bundles  exhibiting  in  this 
connection  differences  of  behaviour.  The 
felt-work  into  which  they  finally  break  up 
seems  to  be  closest  in  the  substantia 
spongiosa  of  the  posterior  horn  (nucleus 
of  the  posterior  horn),  where  collaterals 
from  the  boundary  zone  of  Lissauer  meet 
others  which  have  traversed  the  substantia 
Rolandi  or  Burdach’s  column.  A large 
number  of  the  arched  collaterals  which  pass 
through  Burdach’s  column  (11)  reach  the 
cells  of  Clarke’s  column  (i),  and  wrap 
them  round  with  a close  network  of 
arborescent  processes.  In  this  basal  region 
of  the  posterior  horn  a considerable  body 
of  collaterals  can  be  seen  collected  into  a 
conspicuous  bundle  (9),  from  which  they 
radiate,  fan-like,  into  the  anterior  horn, 
and  doubtless  come  into  relation  with 
its  motor  cells  ( d ). 

This  bundle,  which  is  present  in 
Man,  and  particularly  well  marked  in 
some  animals,  is  the  sensory  - motor 
bundle  ( Ramon  y Cajal),  or  antero- 
posterior, or  dorso-ventral  reflex-bundle.  Pcd  is  of  opinion  that  this  bundle 
contains  posterior  root-fibres  which  pass  into  the  anterior  column.  Some 
collaterals  (10)  are  said  to  fix  themselves  on  to  the  cells  of  the  commissure,  h 
( Edinger ),  which  send  their  axis-cylinder  processes  (H)  into  the  contra- 
lateral antero-lateral  column.  Other  sensory  collaterals  from  the  boundary 
zone  (though  in  Man  only  a few)  are  said  to  extend  to  the  posterior  com- 
missure, and  break  up  into  their  end-ramifications  in  the  posterior  horn  of 
the  other  side.  That  they  can  only  be  few  is  proved  by  the  fact  that  in 
tabes  dorsalis  the  posterior  commissure  contains  a fair  number  of  sound 
fibres,  while  the  intra-medullary  parts  of  the  posterior  roots  elsewhere  are 
completely  degenerated.  Locwenthal  has  demonstrated  that  many  posterior 
root-fibres  (stem-fibres  probably,  not  collaterals)  pass  through  the  posterior 
commissure  and  extend  into  the  contra-lateral  posterior  column.  Since, 
however,  the  total  area  of  the  cross-section  greatly  exceeds  that  of  the 


Fig.  119.  — Diagrammatic  repre- 
sentation of  the  course  of  the 
posterior  root  - fibres.  ]>,  Peri- 
pheral sensory  nerve-fibres ; g, 
cell  of  the  spinal  ganglia  ; r,  root- 
fibre,  dividing  into  a,  the  ascend- 
ing, and  d,  the  descending  branch ; 
each  with  its  collaterals  and 
arborescent  process. 
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posterior  columns,  we  may  take  for  granted  that  the  fibres  which  bend 
round  into  the  grey  substance  are  not  all  collaterals,  but  that  stem-fibres 
also  leave  the  column  in  this  manner. 

From  what  has  been  said,  it  will  readily  be  understood  that  the  fibres  of 
which  the  posterior  roots  are  composed  are  by  no  means  all  of  equal  value  ; 
this  is  further  proved  by  the  fact  that  they  develop  in  at  least  four  or  five 
successive  groups  ( Fleclisig ).  We  must,  therefore,  assume  that  tire  diverse 
anatomical  relations  of  the  fibres  of  the  posterior  roots  answer  to  differences 
in  function. 

But  little,  however,  can  be  alleged  in  this  connection ; the  fibres  which 
run  brainwards  in  Goll’s  column  may  conduct  sensations  from  the  muscles  ; 
while  the  cells  of  Clarke’s  column  are,  perhaps,  the  halting-stations  on  tho 
roads  along  which  the  visceral  sensations  travel.  Sensations  of  pain,  heat, 
and  cold  must  probably  pass  through  the  grey  substance  of  the  posterior 
horns.  Both  experiment  and  clinical  observation  of  unilateral  lesions  of 
the  cord,  causing  motor  paralysis  of  the  same  side,  and  anaesthesia  of  tho 
skin  on  the  other  side  below  the  seat  of  the  injury  (Browu-Sequard’s 
paralysis),  have  led  us  to  the  conclusion  that  the  little-known  tracts  which 
conduct  sensation  from  the  skin,  cross  slightly  above  the  point  at  which 
they  enter  tho  cord.  Anatomists  have  not  yet  discovered  the  locality  of 
the  crossing.  The  posterior  commissure  is  certainly  too  poor  in  fibres ; 
and  we  should  rather  expect  to  fiud  it  brought  about  in  the  anterior  com- 
missure by  the  agency  of  the  commissural  cells  (Edinger).  But  the  Brown- 
Sequard  theory  of  hemiansesthesia  stands  in  need  of  serious  modification. 

The  numerous  collaterals  go  to  prove  that,  in  the  case  of  tracts  in  the 
spinal  cord,  a sharp  definition  of  conducting-paths,  in  the  old  sense  of  the 
word,  cannot  be  insisted  on.  But  we  have  as  yet  no  clear  idea  of  the  con- 
ditions of  transference  of  impulse. 

With  regard  to  the  meaning  of  the  individual  posterior  roots,  we  know 
several  facts;  as,  for  instance,  that  those  which  enter  at  the  junction  of 
the  lumbar  and  dorsal  segments  contain  the  fibres  chiefly  concerned  in 
causing  knee-jerks  ( Westphal ). 

In  any  case,  a relation  corresponding  to  that  of  the  anterior  roots  to  the 
muscle-groups  must  exist  between  the  posterior  roots  and  the  sensitive 
parts  which  they  supply;  and  from  this  we  may  infer  a principal  con- 
nection between  certain  segments  of  the  cord  and  certain  parts  of  the 
skin ; though  it  must  be  of  a somewhat  different  sort  from  that  relation 
which  subsists  between  the  motor  nerves  and  the  muscles  which  they 
innervate,  since  the  motor  nerves  spring  directly  from  the  cord  in  the 
segments  in  question.  We  may  assume  that  every  part  of  the  skin  is 
innervated  by  several  sensory  roots  (two  or  three). 

[In  recent  years  evidence  has  been  rapidly  increasing  in  proof  that  disease 
of  the  spinal  ganglia,  without  primary  disease  in  the  grey  matter,  gives  rise 
to  ascending  degenerations.  So,  too,  on  the  experimental  side  it  is  found 
that  severance  of  posterior  roots  produces  tracts  of  degeneration  which 
ascend  for  a short  distance  in  the  postero-external  column,  and  then  in  the 
postero-internal  column,  for  the  whole  length  of  the  cord.  Probably  the 
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degenerated  tract  dwindles  as  it  passes  upward,  showing  that  its  tibrcs 
were  not  all  of  them  destined  for  regions  above  the  cord.  By  careful 
severance  of  particular  roots,  the  location  in  Goll’s  column  of  the  tracts 
associated  with  the  several  sensory  nerves  can  be  accurately  determined. 
It  is  found  that  the  fibres  from  the  sacral  region  of  the  cord  occupy,  in  the 
dorsal  region,  a small  tract,  triangular  in  section,  the  triangle  being 
bounded  by  the  posterior  fissure  on  one  side  and  the  periphery  of  the  cord 
on  the  other.  Lumbar  fibres  are  applied  to  the  outer  side  of  these  and 
nearer  the  central  canal ; dorsal  fibres  still  deeper,  and  more  external  in 
the  cord.  Cervical  fibres  form,  apparently,  a more  extended  sheet,  which 
extends  from  the  grey  commissure  to  the  periphery. 

Everything  points  to  a primitive  nervous  system  of  strictly  segmental 
character,  each  segment  comprising  a sense-organ,  deposed  sensory  cells 
serving  as  ganglionic  cells  at  the  base  of  the  sense-organ  (the  present  spinal 
ganglion),  granular  and  molecular  tissue  (substantia  Roland ij,  motor  cells 
(anterior  horn).  Gradually,  as  functions  became  centralised  in  the  bulb  and 
brain,  the  sensory  fibres  extended  farther  and  farther  up  the  cerebro-spinal 
axis ; but  the  primitive  metameric  reflex  paths  still  remain.] 

The  white  matter  of  the  cord  is  divided  into  several  parts,  the 
boundaries  of  which  have  been  determined  by  studying  its  pathology  and 
development.  It  must  be  premised  that  the  number  of  longitudinal 
bundles  which  it  is  possible  to  distinguish  from  one  another  is  constantly 
being  increased  by  continued  observation,  and  that  the  differentiation  of 
separate  groups  of  fibres  promises  to  become  more  and  more  detailed. 
Nearly,  if  not  quite  all  of  these  divisions  comprise  fibres  of  various  con- 
nections, but  in  almost  every  case  there  is  such  a preponderance  of  one 
kind  that  the  others  are  apt  to  be  neglected. 

A distinction  between  the  long  and  short  tracts  in  the  spinal  cord  is 
first  to  be  insisted  on.  Short  tracts  unite  places  in  the  grey  matter  which 
lie  near  together,  while  the  long  tracts  consist  of  fibres  which  can  be 
followed  into  the  medulla,  or  even  farther.  In  sections  this  difference  is 
not  demonstrable,  but  it  is  brought  out  in  pathological  or  experimental 
lesions  of  the  cord.  The  short  tracts  show  degeneration  in  the  neighbour- 
hood of  the  injury  only,  while  degenerated  bundles  in  the  long  tracts  can 
usually  be  followed  brainwards  and  caudalwards  through  the  whole  cord. 

In  the  anterior  columns  of  each  side  we  have  to  distinguish,  at  least, 
four  long  tracts.  The  several  divisions  in  the  white  matter  are  not,  how- 
ever, the  same  at  all  heights,  so,  first,  as  a paradigm,  we  will  examine  a 
somewhat  schematised  transverse  section  of  the  cervical  cord  (fig.  120). 

(1.)  The  anterior  pyramidal  tract,  PyV  (Turck’s  bundle),  lying  on 
cither  side  the  anterior  fissure,  forms  the  mesial  tract  of  the  anterior 
column,  and  very  often  extends  outwards  along  the  free  ventral  surface  of 
this  column.  (2.)  The  lateral  pyramidal  tract,  PyS,  which  in  the  dorsal 
region  occupies  a large  part  of  the  lateral  column.  (3.)  The  lateral 
cerebellar  tract  [direct  cerebellar  tract],  KS,  a small  column,  swelling  out 
slightly  on  the  ventral  side,  lying  between  the  margin  of  the  lateral  column 
and  the  lateral  pyramidal  tract.  (4.)  Gowers’  bundle,  G,  lying  partly  as 
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a small  marginal  column  on  the  ventral  side  of  the  direct  cerebellar  tract, 
partly  in  the  midst  of  the  lateral  column  on  the  ventral  side  of  the  lateral 
pyramidal  tract. 

As  short  tracts  there  may  be  distinguished  in  the  antero-latcral  columns 
of  tho  cervical  cord — (1.)  The  anterior  ground  bundle,  VG,  the  part  of 
the  anterior  column,  that  is  to  say,  which  remains  after  allowing  for  the 
anterior  pyramidal  tract.  (2.)  The  tract,  SG,  bounding  on  the  outer  side 
the  grey  matter  of  the  anterior  horn,  and  filling  up  the  space  between 


Fig.  120.— Diagrammatic  cross-section  through  the  cervical  cord  ; B,  Burdach’s  column  ; 
Ca,  anterior  commissure  ; Coa,  anterior  horn  ; Cop,  posterior  horn  ; G,  Gowers’ 
bundle  ; GS,  Goll’s  column  ; GSZ,  mixed  lateral  zone;  Ha,  postero-external  tract ; 
iS,  intermediary  bundle  of  the  lateral  column  ; KS,  lateral  cerebellar  tract ; L, 
border  zone  of  Lissauer ; m,  marginal  zone  ; PyS,  lateral  pyramidal  tract ; By  V, 
anterior  pyramidal  tract ; B,  substantia  gelatinosa  Rolandi ; Ba,  anterior  root 
Bp,  posterior  root ; SC,  Schultze’s  comma  ; SG,  lateral  border  tract ; Sgc,  substantia 
gelatinosa  centralis  ; Vg,  ground-bundle  of  the  anterior  column  ; vll,  ventral  tract 
of  the  posterior  column  ; vm,  fasciculus  sulco-marginalis  ; JV,  root-zone. 

the  posterior  horn  and  the  lateral  pyramidal  tract,  lateral  ground-bundle. 
(3.)  The  mixed  zone,  GSA,  in  the  lateral  column,  which  comprehends 
all  that  now  remains  of  it,  together  with  the  intermediary  bundle  of  the 
lateral  column.  Hellweg  gives  the  name  of  ‘three-sided  tract’  to  a tri- 
angular area  which  lies  laterally  to  the  most  lateral  of  the  anterior  roots, 
its  base  turned  dorsalwards,  its  apex  to  the  periphery.  He  found  that  in 
insane  persons  it  consisted  almost  entirely  of  very  fine  fibres. 

Only  one  long  tract  situate  mesially,  Goll’s  column,  G,S,  is  with  cer- 
tainty distinguished  in  the  posterior  column.  To  the  short  tracts  belongs 
in  part  the  ground-bundle  of  the  posterior  column,  HG  (the  lateral  or 
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Burdach’s  column).  This  can  be  divided  into  several  parts  : the  root-zone, 
W (zone  radiculaire),  that  is,  the  region  through  which  the  posterior  roots 
and  their  collaterals  bend ; the  posterior  external  region,  Ha,  occupying 
the  periphery  between  the  entrance  of  the  posterior  roots  and  Goll’s 
column,  and  standing  towards  the  former  in  some  relation  not  yet  fully 
understood.  The  most  ventral  part  of  the  posterior  columns,  the  ventral 
posterior  column  field,  vH,  a peculiar  crescent-shaped  area  bordering  on 
the  posterior  commissure,  must  also  be  regarded  as  distinct.  Further,  in 
the  upper  half  of  the  cord,  between  Golfs  column  and  Burdach’s,  we  can 
distinguish  a narrow  space,  SC,  the  comma-shaped  tract  of  Scliultze ; and 
between  the  posterior  and  lateral  columns  a longish  tract  intervenes,  the 
border  zone  of  Lissauer,  L (medullary  bridge  of  Waldeyer,  lateral  posterior 
root-zone  of  Flechsig),  which  corresponds  to  the  caput  cornu  posterioris. 

As  we  approach  the  caudal  end,  this  arrangement  of  the  various  parts 


Fjrr.  121.— Diagrammatic  cross-section  through  the  lower  lumhar  cord.  Coa , Anterior 
horn  ; Cop,  posterior  horn  ; dmS,  dorso-mesial  sacral  bundle  ; II,  posterior  column  ; 
L,  border  zone  of  Lissauer ; m,  marginal  zone  ; PyS,  lateral  pyramidal  tract ; R, 
substantia  Rolandi ; Rp,  posterior  roots;  S,  lateral  column;  Sgc,  substantia 
gelatinosa  centralis  ; V,  anterior  column. 

of  the  cord  gradually  alters.  Fig.  121,  a schematised  representation  of  a 
section  through  the  lower  lumbar  cord,  shows  the  differences. 

The  order  in  which  the  separate  constituents  of  the  white  substance  of 
the  cord  become  medullated  is  as  follows 

(1.)  The  anterior  and  posterior  root-fibres.  (2.)  The  ground-bundle  of 
the  anterior  column.  (3.)  The  ground-bundle  of  the  posterior  column. 
(4.)  The  anterior  mixed  lateral  zone.  (5.)  The  lateral  marginal  layer. 
(6.)  The  lateral  cerebellar  tract  (in  the  beginning  of  the  sixth  month  of 
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foetal  life).  (7.)  The  mesial  posterior  column  (end  of  the  sixth  month). 
(8.)  Gowers’  column,  in  the  eighth  month.  (9.)  The  lateral  and  anterior  pyra- 
midal tracts  (which  in  man  are  first  medullated  at  or  after  the  time  of  birth). 

It  must,  however,  be  noted  that  all  the  fibres  of  any  one  tract  do  not 
acquire  the  myelin-sheath  at  the  same  time ; whence  we  infer  a difference 
in  function  between  those  which  develop  at  different  periods. 

The  pyramidal  tracts  are  composed  exclusively  of  nerve-fibres  arising 
from  cells  in  the  motor  region  of  the  cortex  cerebri.  One  set  of  these 
fibres,  the  anterior  pyramidal  column  (fig.  120),  PyV,  runs  at  first  along 
the  same  side  of  the  cord,  occupying  the  mesial  border  of  the  anterior 
horn,  and  often  hooking  a little  way  over  the  anterior  periphery.  Another 
set,  the  lateral  pyramidal  column,  PyS,  crosses  the  middle  line  in  the 
medulla  oblongata  (the  pyramidal  crossing),  and  collects  in  the  posterior 
half  of  the  lateral  column.  All  these  pyramidal  fibres  probably  give  off 
collaterals,  which  enter  the  anterior  horns.  It  is  also  probable  that  the 
fibres  of  the  anterior  pyramidal  column  turn  dorsally  and  mesially  by 
degrees,  cross  the  line  in  the  anterior  commissure  (fig.  116,  15),  and  arrive 
at  the  lateral  pyramidal  tract,  after  passing  through  the  grey  substance  of 
the  anterior  horn  ; or  break  up  within  the  anterior  horn  into  arborescent 
processes  which  attach  themselves  to  the  motor  cells,  b.  It  may  be  that 
single  fibres  reach  the  motor  cells  on  the  same  side  without  crossing ; in- 
deed, Lenlwsseli  denies  the  existence  of  the  subsequent  crossing  of  the 
pyramidal  fibres.  At  all  events,  the  anterior  pyramidal  tract  gradually  dis- 
perses, and  cannot,  in  most  cases,  be  followed  as  far  as  the  upper  dorsal  cord. 

The  form  and  situation  of  the  lateral  pyramidal  tract  changes  at 
different  heights.  Where  it  is  best  formed  it  extends  ventrally  from  the 
posterior  horn,  almost  to  a line  carried  transversely  through  the  posterior 
commissure.  From  the  cervical  to  the  sacral  cord  it  exhibits  a constant 
diminution  in  its  cross-section  ; by  the  time  the  lumbar  swelling  is  reached 
it  is  reduced  to  a small  layer  on  the  outer  side  of  the  caput  cornu  posteri- 
oris  (fig.  121).  The  increase  in  the  lateral  pyramidal  tract  from  below 
upwards  (which  is  especially  marked  in  the  swellings)  is  chiefly  due  to 
fibres  (16,  17,  IS)  which  stream  into  the  lateral  column  from  the  lateral 
border  of  the  grey  horns.  The  arborescent  processes  of  these  fibres  afford 
a connection  with  the  nerve-cells  of  the  grey  substance. 

The  lateral  pyramidal  tract  rests  against  the  grey  substance  of  the 
posterior  horn,  and  especially  against  that  part  which  lies  nearest  to  the 
periphery.  It  is  cut  off'  from  the  periphery  in  most  places  by  the  lateral 
cerebellar  tract,  but  reaches  it  near  the  apex  cornu  posterioris  from  the 
eleventh  or  twelfth  dorsal  nerves  downwards,  and  for  a short  space  in  the 
neighbourhood  of  the  third  cervical  nerve  ( Goicers ).  It  is  club-shaped  at 
first,  but  becomes  triangular  when  it  reaches  the  lumbar  cord. 

Descending  degeneration  in  the  cord,  whether  the  lesion  is  situate  in  the 
brain  or  in  the  cord  itself,  affects  the  crossed  and  direct  pyramidal  tracts 
(PyS  and  PyV),  though  not  those  alone.  The  degeneration-areas  corre- 
spond exactly  with  the  developmental  areas  (fig.  122).  In  one-sided  lesions 
of  the  brain  which  give  rise  to  descending  degenerations,  it  is  the  direct 
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pyramidal  tract  ( PyV ) of  the  same  side,  and  the  crossed  pyramidal  tract 
(PyS)  of  the  opposite  side,  which  are  affected.  On  close  examination,  how- 
ever, it  is  frequently  possible  to  discover  a degeneration,  although  less 
marked,  in  the  lateral  pyramidal  tract  of  the  same  side,  and,  perhaps,  even 
in  the  anterior  pyramidal  tract  of  the  opposite  side.  The  degenerated  area 
is  considerably  larger  when  the  seat  of  the  injury  is  in  the  cord  than  when 
it  is  in  the  brain.  This  may  be  because  an  injury  to  the  brain  rarely 
affects  all  the  pyramidal  fibres,  or  because  in  transverse  lesions  of  the 
cord  the  descending  degeneration  involves  other  fibres  than  those  of  the 
pyramids  proper,  the  fasciculus  intermedio-lateralis,  for  example,  or  the 
fasciculus  sulco-marginalis.  It  is  also  supposed  that  descending  fibres 
from  the  cerebellum  run  through  the  region  of  the  cross-section  of  the  lateral 
pyramidal  tract  ( Biedl ).  In  descending  degeneration  of  this  part  there  are 
always  a number  of  sound  fibres  to  be  found,  whence  we  may  fairly  con- 
clude that  scattered  throughout  it  are  a certain  number  which  conduct 
upwards.  Descending  degenerations  are  diffuse  in  the  dog  ( Schiefferdecker ). 
Marehi  and  Algeri  found  scattered  degenerations  in  every  part  of  the  cord 
after  injury  to  the  cortex  cerebri  of  the  dog ; descending  degeneration  of 
Burdach’s  columns  was  especially  conspicuous  when  the  portion  of  the 
cortex  which  they  destroyed  lay  behind  the  motor  zone  of  the  opposite  side, 
which  proves  that,  in  the  dog  at  least,  a part  of  the  pyramidal  tracts  must 
run  in  the  posterior  columns  ; while  in  most  rodents  all  the  pyramidal  fibres 
unite  in  a compact  bundle  in  the  ventral  part  of  the  posterior  columns  on 
either  side  ( Stiecla , Spitzlca , Lenhosse/c).  In  the  guinea-pig  they  are,  indeed, 
found  in  the  same  region,  but  only  as  scattered  bundles,  chiefly  in  the 
vicinity  of  the  grey  substance  ( Bechterew ).  In  the  mouse  the  pyramidal 
tracts  occupy  only  1*14  per  cent,  of  the  total  cross-section  of  the  middle 
cervical  cord,  in  the  cat  7*76  per  cent.,  and  in  the  human  foetus  when  36 
centimeters  long  11 '87  per  cent.  ( Lenhossek ). 

In  many  mammals  we  find  on  the  mesial  and  part  of  the  ventral  border 
of  the  anterior  column  a region  which  extends  far  down  into  the  lumbar 
cord,  and  is  characterised  by  descending  degeneration  of  numerous  fibres 
(the  ‘ vorderes  Grenzbiindel  ’ of  Loewentlial , the  fasciculus  sulco-marginalis 
descendens  of  Marie),  while  in  nearly  all  animals  the  anterior  pyramidal 
tract  is  lacking.  The  ‘ anterior  boundary-tract  ’ appears  also  to  be  present 
in  Man.  It  degenerates  only  after  injuries  to  the  cord,  never  after  injuries 
to  the  brain,  and  probably  contains  only  fibres  which  serve  to  connect  the 
several  segments.  The  fibres  which  compose  it  are  particularly  coarse.  It 
may  have  a parallel  in  low  classes  of  vertebrates. 

[We  do  not  as  yet  understand  in  all  respects  the  course  taken  by 
degenerations  secondary  to  destruction  of  the  cortex.  An  attempt  has 
been  made  by  Sherrington  to  determine  the  exact  number  of  degenerated 
fibres  found  at  all  levels  of  the  cord,  and  the  situation  of  these  fibres  in  the 
cord ; and  although  these  observations  throw  much  additional  light  upon 
the  question  of  fibre-dependencies  of  the  cortex,  the  results  are  in  some 
points  still  inexplicable.  It  is  found,  for  example,  that  a strictly  localised 
destruction  of  the  arm-area  in  the  monkey  (or  even  of  the  face-area  V)  gives 
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rise  to  the  appearance  of  degenerated  fibres  throughout  the  whole  cord ; while, 
on  the  other  hand,  lesion  in  the  leg-area  induces  degeneration  which  in  great 
part  stops  short  in  the  cervical  enlargement.  Every  unilateral  lesion  in- 
duces degeneration  in  both  lateral  pyramidal  tracts,  the  smaller  degeneration 
(on  the  same  side  as  the  lesion)  being  most  pronounced  in  the  cervical  and 
lumbar  enlargements,  immediately  above  which  regions  it  is  often  absent. 
It  follows,  therefore,  that  the  degeneration  on  the  same  side  as  the  lesion  is  a 
* recrossed’  degeneration.  Not  only  may  the  number  of  degenerated  fibres 
not  decrease  regularly  from  above  downwards,  but  the  lower  regions  may 
even  contain  more  degenerated  fibres  than  the  upper  ones.  It  is  obvious, 
therefore,  that  fibres  branch  as  they  descend  in  the  white  columns,  and  as 
degenerated  fibres  can  often  be  traced  for  a long  distance  in  pairs,  it  is 
inferred  that  the  fibres  divide  into  two.  These  pairs,  termed  * geminal  ’ 
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Fig.  122. — Descending  degeneration  after 
a one-sided  lesion  of  the  brain.  Sec- 
tion through  the  upper  part  of  the 
spinal  cord.  The  anterior  pyramidal 
tract  of  one  side,  and  the  crossed 
pyramidal  tract  of  the  opposite  side, 
are  degenerated.  The  healthy  lateral 
pyramidal  tract  shows  a somewhat 
light  staining.  Magn.  4. 
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Fig.  123. — Ascending  degeneration  in  the 
cervical  swelling.  Goil’s  column,  OS, 
degenerated  on  both  sides  ; and,  to  a 
less  degree,  the  lateral  pyramidal  tract, 
KS,  and  Gowers’  tract,  GB.  Magn.  4. 


fibres,  are  much  less  frequent  in  the  recrossed  than  they  are  in  the  crossed 
pyramidal  tracts. 

Slieirington  suggests  that  the  pyramidal  tracts  conduct  cortical  visceral 
as  well  as  cortical  somatic  fibres,  and  that  the  degeneration  in  the  lumbar 
region  following  lesion  in  the  arm-area  may  be  explained  in  this  way.  The 
conclusion  of  Francois- Franck,  that  the  disturbances  of  the  vascular  and 
visceral  systems  which  follow  stimulation  of  the  cortex  in  curarised 
animals  are  true  instances  of  cerebral  visceral  epilepsy,  lends  support  to 
the  view  that  visceral  and  somatic  fibres  lie  side  by  side  in  the  same  tract. 
This  is  the  only  suggestion  of  which  we  are  aware  which  attempts  to  explain 
the  apparent  discrepancy  between  the  anatomical  tract  and  its  functional 
import ; but  the  obvious  morphological  improbability  of  the  same  area  of 
the  cortex  representing  muscles  of  one  segment  of  the  body,  and  vessels  or 
viscera  of  a different  segment,  stands  in  the  way  of  its  acceptance.  Since 
so  much  of  our  knowledge  of  the  course  of  fibres  is  derived  from  a study  of 
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degenerations,  it  is  very  important  that  we  should  know  the  exact  causal 
relation  between  destroyed  grey  matter  and  degenerated  white  tracts.] 

The  lateral  cerebellar  tract,  KS,  is  not  found  below  the  level  of 
origin  of  the  upper  lumbar  nerves.  Ascending  from  this  level  through 
the  lower  dorsal  cord  it  grows  rapidly  in  cross-section ; as  it  reaches  the 
upper  dorsal  and  lower  cervical  nerves  its  increase  becomes  slower.  Its 
greatest  increase  in  size  occurs  in  the  region  in  which  Clarke’s  column  of 
cells  is  best  developed.  The  coarse  fibres  composing  it  can  be  followed 
without  crossing  up  into  the  surface  of  the  cerebellum.  In  the  upper 
cervical  cord  there  is  often  no  sharp  line  of  demarcation  between  the  lateral 
cerebellar  tract  and  the  lateral  pyramidal  tract,  the  fibres  of  both  being 
mixed  in  a region  of  varying  breadth.  With  lesions  of  the  spinal  cord 
situate  above  the  first  lumbar  nerves  (or  after  destruction  of  the  posterior 
roots  at  a corresponding  level,  Edinger),  the  lateral  cerebellar  tract,  KS, 
degenerates  upwards  towards  the  brain  (fig.  123);  no  such  degeneration 
follows  injuries  to  the  spinal  cord  below  this  level.  Central  diseases 
of  the  cord,  such  as  vacuole-formation,  induce  degeneration  of  the  lateral 
cerebellar  tract  by  the  time  they  have  destroyed  Clarke’s  columns.  Pick 
has  observed  that  the  cells  of  Clarke’s  column  (fig.  116,  h)  give  off  pro- 
cesses which,  as  nerve-fibres,  traverse  the  lateral  column  horizontally 
(horizontal  cerebellar  bundle,  20),  and  end  in  the  lateral  cerebellar  tract. 
Hence  it  follows  that  the  lateral  cerebellar  tract  receives  most  of  its  fibres 
from  the  cells  of  Clarke’s  column  and  from  Stilling’s  nuclei.  Bechtereio  is 
of  opinion  that  fibres  pass  from  Clarke’s  columns  to  the  posterior  columns, 
and  to  the  cells  of  the  contra-lateral  anterior  horn. 

But  we  also  invariably  find  fibres  scattered  in  the  lateral  cerebellar 
tract  which  are  not  involved  in  ascending  degeneration.  The  meaning  of 
these  is  not  yet  clear,  but  they  are  most  probably  descending  fibres  from 
the  cerebellum  (Mar chi).  Lenhossek  regards  them  as  descending  branches 
of  fibres  which  debouch  above  the  seat  of  the  injury. 

Gowers’  bundle  (first  described  by  W.  P.  Gowers,  ascending  antero- 
lateral tract,  comma-shaped  antero-lateral  tract,  lateral  system  of  the 
lateral  column  of  Bechterew)  begins  as  low  down  as  the  lumbar  cord,  and 
shows  a continuous  increase  of  fibres  from  thence  upwards.  It  likewise 
degenerates  in  an  ascending  direction,  in  many  cases  at  any  rate.  The 
fibres  which  compose  it  (19)  probably  originate  in  the  cells  of  the  anterior 
horn  (f),  and  it  may  well  be  looked  upon  as  a direct  sensory  route  from  the 
spinal  cord  to  the  cerebellum. 

The  remaining  portions  of  the  anterior  and  lateral  columns  are  made 
up  of  short  tracts  about  which  very  little  can  as  yet  be  asserted.  The 
anterior  ground  bundle  and  the  anterior  mixed  lateral  column- 
zone  (mixed  lateral  zone)  seem  to  have  a similar  physiological  importance. 
From  the  border  of  the  grey  substance  numerous  fibres  everywhere  bend 
into  these  columns,  which  appear  to  be  made  up  chiefly  of  the  axis-cylinder 
processes  of  column-cells  (l)  (21,  22).  It  is  quite  possible  that  fibres  from 
the  anterior  horn  pass  via  the  white  commissure  to  the  anterior  ground- 
bundle  (VG)  of  the  opposite  side  (23). 
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In  the  midst  of  the  lateral  column,  in  front  of  the  lateral  pyramidal 
tract,  and  on  the  inner  side  of  Gowers’  bundle,  is  another  region  in  which 
numerous  scattered  fibres  degenerate  after  injuries  to  the  cord  and  not  aftei 
injuries  to  the  brain.  Loewenthal,  who  was  the  first  to  describe  it,  gave  it 
the  namo  of  fasciculus  intcrmedio-lateralis,  iS.  Its  origin  and  meaning 
have  not  yet  been  ascertained.  Possibly  a part  of  the  descending  cerebellar 
tract  of  Biedl,  already  referred  to,  should  be  sought  here. 

Those  fibres  of  the  posterior  columns  which  run  parallel  to  the  plane  of 
the  cross-section  should,  with  but  few  exceptions,  be  regarded  as  sensory 
collaterals  of  the  posterior  roots.  The  longitudinal  fibres  of  this  region 
consist  for  the  most  part  of  ascending  stem-fibres  of  the  posterior  roots  on 
the  same  side,  with,  perhaps,  a few  from  the  other  side,  though  the 
proportion  of  the  latter  is  certainly  small.  There  are,  however,  other 
longitudinal  fibres,  occurring  in  certain  well-defined  areas,  to  be  considered 
in  this  connection. 

Especially,  the  intra-medullary  course  of  the  posterior  roots  demands 
closer  consideration.  Every  root,  at  its  entrance,  occupies  a considerable  part 
of  the  cross-section  of  the  posterior  column  on  the  mesial  side  of  the  posterior 
horn,  extending  ventralwards  nearly  to  the  posterior  commissure  (root-zone 
as  understood  by  Mayer).  As,  however,  each  succeeding  root  occupies  the 
same  space  as  its  predecessors,  the  fibres  of  the  former  are  thrust  towards 
the  middle,  and  form  at  first  a ribbon-like  strip  with  its  ventral  edge  touch- 
ing the  inner  border  of  the  posterior  horn.  Each  successive  root-region 
becomes  poorer  in  fibres  as  it  ascends,  and  we  may  reasonably  explain  the 
loss  by  supposing  that  the  fibres  enter  the  posterior  horn.  Apparently, 
also,  the  contiguous  root-regions  belonging  to  different  levels  in  the  cord, 
though  distinct  at  first,  become  more  or  less  intimately  combined  on  their 
way  to  the  brain  (Mayer).  Accordingly,  we  should  regard  God's  column  in 
the  cervical  cord,  and  the  part  representing  the  plexus  ischiadicus  more 
especially,  as  the  continuation  of  posterior  roots  belonging  to  the  lumbar 
and  lower  dorsal  cord,  and  seek  in  Burdach’s  columns  for  the  posterior 
root-fibres  of  the  plexus  brachialis. 

After  the  posterior  nerve-roots  have  been  cut  across,  degeneration  of 
the  fibres  of  the  posterior  columns  is  invariably  limited  to  the  same  side  ; 
whereas  both  clinical  observation  and  experiment  go  to  prove  that  the 
nerves  from  the  skin  cross  over  very  soon  after  joining  the  cord.  It  is 
probable  that  the  posterior  columns  of  the  same  side  are  chiefly  meant 
to  convey  impressions  of  muscle  sense  ( J . Wagner). 

Both  separately  and  together  the  two  halves  of  Goll’s  column  form  a 
wedge  with  its  base  outwards.  The  ventral  angle  is  never  a sharp  one,  for 
this  column  tends  to  spread  out  and  mingle  with  the  ventral  region  of  the 
posterior  column.  Its  ventral  part,  however,  reaches  to  the  posterior  com- 
missure only  here  and  there.  The  ventral  part  of  Burdach’s  column  also 
stops  short  of  the  commissure,  and  the  two  together  mark  off  as  a dis- 
tinct area  a crescent-shaped  tract  lying  in  the  concavity  of  the  posterior 
commissure,  the  ventral  posterior  column  tract,  vll,  which  has  little  or 
nothing  to  do  with  the  posterior  roots.  It  appears  to  consist  of  short  fibres 
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(fig.  116,  20),  the  function  of  which  is  to  establish  a connection  between 
certain  cells,  K,  of  the  grey  substance  and  the  segments  of  the  cord  above 
or  below  them. 

Two  other  constituents  of  the  posterior  columns  have  been  mentioned  : — 

1.  The  comma-shaped  bundle  of  Schul/ze,  a narrow  band  extending 
between  Burdach’s  and  Goll’s  columns  dorsal  wards  almost  to  the  periphery, 
and  ventralwards  nearly  to  the  posterior  horn.  It  is  only  present  at  the 
cervical  end,  and  quickly  disappears  in  the  dorsal  part  of  the  cord. 

2.  A tract  which  appears  near  the  septum  posticum  in  the  lumbar 
cord  (and  is  especially  well  seen  in  the  sacral  cord)  comes  into  view  in  the 
uppermost  part  of  the  lumbar  cord  as  a narrow  seam  alongside  of  the 
septum.  Farther  down  it  assumes  a lenticular  shape  when  cut  across, 


Fig.  124. — Cross-section  through  the  lower  cervical  cord,  below  a transverse  lesion. 
Marchi’s  staining.  B,  Burdach’s  column  ; G,  Goll’s  column  ; PyS,  PyV,  lateral 
and  anterior  pyramidal  tracts  ; SC,  Schultze’s  comma. 

Fig.  125. — Gross-section  through  the  upper  sacral  cord  in  sacral  tabes.  Pal’s  staining. 
Dms,  dorso-mesial  sacral  bundle. 

with  a flat  and  a convex  side,  the  flat  edges  facing  each  other  so  as  to  form 
an  oval  in  cross-section.  In  the  upper  sacral  cord  it  becomes  club-shaped, 
approaches  the  periphery,  and  even  in  some  cases  projects  beyond  it.  As 
we  proceed  down  the  cord  it  projects  more  and  more,  until  at  last  it  can  be 
seen  on  the  surface  as  a triangular  peripheral  bundle  close  to  the  middle 
line.  The  change  does  not  as  a rule  proceed  symmetrically  on  both  sides 
(see  fig.  125).  This  is  the  dorso-mesial  sacral  bundle,  dmS  (oval  tract  of 
Flechsirj,  or  mesial  tract  of  the  posterior  column).  Some  of  its  fibres  can 
apparently  be  followed  upwards  almost  to  the  cervical  cord. 

The  precise  meaning  of  these  two  tracts  is  not  yet  clear.  They  de- 
generate downwards,  and  hence  some  have  sought  to  find  in  them  the 
descending  branches  of  the  posterior  roots.  The  presence  of  descending 
posterior  root-fibres  has  been  satisfactorily  demonstrated  in  the  case 
of  Schultze’s  comma,  at  least;  well-marked  degeneration  having  been 
met  with  there  in  cases  of  extra-medullary  disease  of  the  posterior  root- 
fibres. 

Another  view  is  that  the  fibres  from  the  cells  of  the  posterior  horn  pass 
along  the  comma-shaped  tract  of  Schultze.  It  has  also  been  suggested 
that  the  dorso-mesial  sacral  bundle  constitutes  to  some  extent  the 
continuation  of  the  comma-shaped  tract. 
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When  the  cord  is  cut  across,  secondary  degeneration  may  be 
observed  in  certain  regions,  differing  according  to  whether  the  section  is 
taken  from  above  or  from  below  the  seat  of  the  injury.  We  arc  thus  able, 
by  studying  degenerations,  to  distinguish  many  tracts  which  under  ordinary 
circumstances  are  indistinguishable  except  in  the  embryo,  in  which  they 
can  be  recognised  by  the  different  stages  at  which  they  acquire  the  myelin 
sheath. 

(a.)  Below  a transverse  lesion  we  find  descending  degeneration — 

1.  Well  marked,  and  to  a great  depth  in  the  pyramidal  tracts  (in  the 
lateral  pyramidal  tract,  that  is,  and  the  anterior  pyramidal  tract  as  far  as  it 
goes). 

2.  Fairly  well  marked,  but  only  for  a short  distance  in  the  greater  part 
of  the  cross-section  (short  tracts). 

3.  Usually,  if  the  injury  is  in  the  cervical  cord,  in  the  comma-shaped 
tract  of  Schultze. 

4.  In  the  dorso-mesial  sacral  tract,  if  it  is  the  lumbar  cord  which  has 
been  injured. 

5.  In  the  intermediary  lateral-column  bundle  and  (in  the  upper  parts  of 
the  cord)  in  the  fibres  of  the  fasciculus  sulco-marginalis. 

6.  Descending  degeneration  is  found  in  some  fibres  of  the  lateral 
cerebellar  tract  and  in  Gowers’  bundle. 

In  secondary  descending  degeneration  consequent  upon  cerebral  lesions, 
we  find  hardly  any  changes  except  those  in  the  pyramidal  tracts,  mentioned 
under  1.  As  has  already  been  pointed  out  (p.  236),  the  area  affected 
in  the  lateral  tract  is  decidedly  smaller  than  in  lesions  of  the  cord. 

(t>.)  Ascending  degeneration  after  transverse  lesion  of  the  cord  is 
found  in — 

1.  The  chief  part  of  the  posterior  column,  that  is  to  say,  Burdach’s 
and  Coil's  columns.  The  ventral  posterior-column  tract  and  the  fibres  which 
adjoin  it  along  the  mesial  border  of  the  posterior  horn  remain  intact,  as  do 
also  (in  most  cases)  the  fibres  of  the  posterior  external  field  and  Schultze’s 
comma-tract.  Only  in  lesions  of  the  sacral  cord  is  the  dorso-mesial  sacral 
bundle  found  intact. 

2.  If  the  seat  of  the  injury  is  above  the  lumbar  swelling  we  find 
degeneration  in  most  of  the  fibres  of  the  lateral  cerebellar  tract  and  Gowers’ 
bundle. 

In  lesions  of  the  posterior  roots  the  degeneration  affects  chiefly  those 
regions  of  the  same  side  which  come  under  the  first  head,  so  far  as  the 
injured  roots  are  represented  in  them.  Descending  degeneration  is  also 
found  in  the  fibres  of  Schultze’s  column  ; the  conditions  in  the  dorso-mesial 
bundle  are  less  clearly  understood.  Many  of  its  fibres  certainly  remain 
intact  in  disease  of  the  posterior  roots.  Thus,  iu  lesions  of  the  lumbar  and 
dorsal  roots,  almost  up  to  the  upper  dorsal  cord,  the  degeneration  affects 
Goll’s  column  exclusive  of  the  dorso-mesial  sacral  bundle,  and  in  lesions  of 
the  cervical  roots  it  affects  Burdach’s  column.  Besides  those  enumerated, 
other  degenerations  in  overwhelming  number  and  bewildering  variety  have 
been  discovered  and  described  as  the  consequence  of  severance  of  the  nerve- 
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roots.  Of  such  are  degeneration  of  remote  anterior  roots  ( Pellizzi ),  of 
the  posterior  and  anterior  commissure,  and  of  both  lateral  cerebellar  tracts 
( Loeioenthal , Pellizzi) ; the  significance  of  which  is  by  no  means  clear. 

It  remains  to  recapitulate  the  fibres  which  enter  into  the  formation  of 
the  white  commissure ; the  following  bundles  may  be  looked  for  in  it 
(c/.  fig.  1 1G) : — 

1 - Anterior  root-fibres  coming  from  the  fusiform  cells  (a)  on  the  mesial 
side  of  the  opposite  anterior  horn,  as  well  as  some  from  other  cells  of  the 
horn,  1. 

2.  Fibres  passing  from  the  anterior  pyramidal  tract  ( Py  V)  of  one  side 
to  reach  the  lateral  pyramidal  tract  ( PyS ) of  the  opposite  side,  15. 

3.  Fibres  passing  from  the  commissural  cells  (A)  of  the  grey  substance 
to  the  antero-lateral  column  of  the  opposite  side,  14. 

4.  In  animals,  at  any  rate,  collaterals  of  the  anterior  and  lateral 
columns  are  supposed  to  cross  in  this  commissure. 

[There  are  several  points  of  fundamental  importance  upon  which  we 
need  information  with  regard  to  the  columns  of  white  fibres  which  sur- 
round the  grey  matter  of  the.  cord,  but  of  which  we  are  unfortunately 
unable  as  yet  to  give  an  account.  The  development  of  the  fibres  which 
compose  these  columns  is  still  wrapped  in  mystery.  The  rudiments  of  the 
white  sheath  of  the  cord  appear  very  soon  after  the  grey  matter  is  first 
recognisable  as  such.  The  white  matter  exhibits  in  its  earliest  condition  a 
distinct  radial  striatiou,  an  appearance  which  is  exaggerated  by  the 
arrangement  of  the  nuclei  of  its  embryonic  myelin-cells  and  neurogleia- 
cells  in  radiating  rows.  Into  this  tissue  penetrate  the  fibre-processes  of 
the  neuroblasts,  most  of  them  being  undoubtedly  on  their  road  to  form 
peripheral  nerves.  Whether  or  not  any  of  the  neuroblast  processes  turn 
upwards  or  downwards  in  the  cord  cannot  be  stated  at  present.  However 
probable  it  may  be,  therefore,  that  the  longest  ascending  fibres  are  pro- 
cesses of  cells  in  the  cord,  while  the  longest  descending  fibres  are  the 
processes  of  cells  in  the  cortex  of  the  brain,  short  fibres  in  like  manner 
having  their  trophic  cells  on  the  side  from  which  they  carry  impulses,  no 
conclusions  on  these  points  can  be  based  as  yet  upon  histogenetic  data.] 


4.  VESSELS  OF  THE  SPINAL  CORD. 

The  spinal  cord  is  partly  supplied  with  blood  by  arteries  which  come 
from  the  vertebral  arteries,  partly  by  branches  coming  from  the  inter- 
costal, lumbar,  and  sacral  arteries,  which  enter  the  spinal  canal  through 
the  intervertebral  foramina  and  reach  the  cord  along  the  anterior  and 
posterior  roots. 

Just  before  the  junction  of  the  two  vertebrals,  to  form  the  basilar 
'artery,  a somewhat  slender  branch  arises  from  each  of  them  (or  not  infre- 
quently from  one  only),  inclines  across  the  ventral  surface  of  the  medulla 
oblongata  towards  the  artery  of  the  opposite  side,  and  reaches  the  anterior 
fissure  usually  on  the  cerebral  side  of  the  upper  cervical  cord.  Here  the 
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two  vertebro-spinal  arteries  unite  into  the  unpaired  arteria  spinalis  anterior, 
which  can  now  be  followed  caudalwards  as  far  as  the  conus  medullaris.  It 
corresponds  to  the  anterior  fissure.  Occasionally  this  union  between  the 
two  vertebro-spinal  arteries  takes  place  lower  down  the  cord,  at  the  level 
of  the  fourth,  fifth,  or  even  sixth  spinal  nerves,  or,  on  the  other  hand,  the 
vessels  separate  and  reunite  repeatedly. 

The  affluents  which  discharge  into  the  arteria  spinalis  anterior  are 
carried  to  the  ventral  side  of  the  spinal  cord  along  the  anterior  roots. 
Their  number,  although  variable,  is  always  small ; sometimes  there  are 
only  three,  but  they  are  of  considerable  size.  The  most  posterior  is  always 
the  largest.  This  arteria  spinalis  magna  is  to  be  found,  according  to 
Adamkiewicz , between  the  eighth  dorsal  and  third  lumbar  vertebra;  on 
either  side. 

From  the  anterior  spinal  artery,  Spa  (fig.  1 26),  frequent  strong 
branches  pass  at  right  angles  into  the  anterior  fissure,  the  arteria;  sulci  (s). 
Other  small  branches  (arteria;  radicinm)  course  laterally  along  the  anterior 
roots  to  take  part  in  the  formation  of  a plexus  on  the  surface  of  the  lateral 
column. 

The  relation  of  arteries  to  the  dorsal  surface  of  the  spinal  cord  is  some- 
what different.  Here,  too,  an  artery  (arteria  vertebro-spinalis  posterior,  or 
arteria  spinalis  posterior)  arises  from  each  vertebral  artery,  but  in  this  case 
it  lies  to  the  outer  side  of  the  posterior  spinal  roots,  and  does  not  join  with 
the  artery  of  the  opposite  side.  The  arteries  are  not,  however,  independent 
of  one  another,  for  they  form  a chain  of  anastomosis  both  on  the  lateral 
and  on  the  mesial  side  of  the  posterior  roots ; and  these  anastomotic  chains 
are  not  only  united  together  by  numerous  cross-branches,  but  they  receive 
minute  affluents  from  without  along  the  course  of  almost  every  posterior 
root.  Arterial  twigs  also  pass  from  these  vessels  mesially  towards  the 
posterior  longitudinal  fissure,  whilst  others  join  the  lateral  plexus  already 
mentioned. 

At  the  conus  terminalis  a rather  large  lateral  branch  comes  off  from 
each  side  of  the  anterior  spinal  artery  (rami  cruciantes  of  Adamkiewicz), 
which  anastomoses  with  the  arteries  on  the  dorsal  surface.  Striking,  too, 
is  the  zigzag  course  of  the  arteries  in  the  region  of  the  conus  medullaris. 

The  different  branches  and  twigs  which  are  spread  out  in  the  pia  mater 
on  the  surface  of  the  cord  are  characterised  by  the  numerous  anastomoses, 
some  finer,  some  coarser,  which  they  form. 

Amongst  the  numerous  veins  on  the  surface  of  the  cord  the  unpaired 
vena  spinalis  anterior  deserves  especial  mention.  It  runs  parallel  with  the 
artery  of  the  same  name. 

Passing  on  to  the  blood-vessels  in  the  interior  of  the  spinal 
cord  (fig.  126)  attention  is  to  be  called  to  the  great  wealth  of  vessels  in 
the  grey  substance  as  compared  with  the  white. 

All  the  arteries  in  the  cord-substance  can  be  arranged  in  two  systems  : 
(1)  those  in  the  zone  of  the  arterife  sulci ; (2)  those  in  the  zone  of  the  vaso- 
corona  ( Adamkieioicz ). 

The  arteria;  sulci  advance  from  their  origin  in  the  arteria  spinalis 


244 


VESSELS  OF  THE  GREY  MATTER. 


anterior  (Spa)  to  the  bottom  of  the  anterior  fissure,  where  they  turn  on  the 
ventral  side  of  the  white  commissure,  either  to  the  right  or  left  (bifurcation 
is  rare  according  to  Kadyi),  as  the  arterise  sulco-commissurales,  sc.  These 
go  into  the  grey  substance  of  the  anterior  horn,  where  they  break  up  into 
a close  capillary  network,  which  occupies  the  greater  part  of  the  cross- 
section  of  the  grey  matter.  The  portion  of  the  white  substance  which 
borders  on  the  grey  also  receives,  according  to  Kadyi , branches  from  these 
arteries.  One  branch  of  especial  size  (cl)  goes  to  Clarke’s  column,  of  which 
it  is  the  exclusive  supply.  Soon  after  its  entrance  into  the  grey  substance 
each  sulco-commissural  artery  gives  off  brainwards  a considerable  anasto- 
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Fig.  126. — Arteries  of  the  spinal  cord.  Ha , anterior  root ; Up,  posterior  root ; Spa,  a. 
spinalis  anterior  ; Spp,  a.  spinalis  posterior  : s,  a.  sulci ; sc,  a.  sulco-conmiissuralis  ; 
an,  anastomotic  branch  of  the  same;  cl,  columns  vesieulai  is ; Fp,  a.  septi  pos- 
terioris;  ra,  a.  radicum  posteriorum  ; cp,  a.  cornu  posterioris  ; if,  a.  interfuni- 
cularis  ; la,  Im,  Ip,  a.  lateralis  anterior,  media  et  posterior. 


biotic  branch,  and  a like  branch  in  the  caudal  direction ; in  this  way  an 
uninterrupted  anastomotic  chain  is  formed  through  the  whole  length  of  the 
cord.  Formerly  it  was  thought  that  the  spaces  at  the  sides  of  the  central 
canal,  which  are  for  the  reception  of  these  arteries  and  their  accompanying 
veins,  were  only  destined  for  longitudinal  veins  (the  central  veins). 

Under  the  title  of  vaso-corona  may  be  included  all  the  arterial  branches 
which  stream  in  a radiate  manner  into  the  substance  of  the  spinal  cord 
from  the  periphery.  Of  these,  the  finer  are  destined  for  the  white  sub- 
stance only,  while  the  coarser  reach  to  the  grey  matter.  The  peripheral 
portions  of  the  grey  matter,  like  the  adjoining  parts  of  the  white  columns, 
receive  their  branches  from  both  systems  in  an  irregular  manner.  This 
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debatable  ground  comprehends  about  a third  part  of  the  cross-section  of 
the  cord  ( Kadyi ). 

The  arteria  fissurse  posterioris,  the  largest  of  the  branches  belonging 
to  the  vaso-coroua,  runs  in  the  septum  posterius  nearly  up  to  the  grey 
commissure,  supplying  numerous  branches  to  both  sides. 

Usually  a large  artery,  if  (arteria  interfunicularis),  courses  in  the 
septum  paramedianum  between  Goll’s  and  Burdach’s  columns;  on  the 
whole  the  more  important  branches  are  to  be  found  in  the  gleial  septa. 
Arteries  also  accompany  the  anterior  and  posterior  roots  to  the  grey  sub- 
stance, ra,  rp  (arteria)  radicum  ant.  et  post.).  The  latter,  arteria  radicum 
post.,  also  supplies  the  substantia  gelatinosa  Rolandi.  An  artery  on  the 
mesial  side  of  the  posterior  root  traverses  Burdach’s  column  and  loses 
itself  in  the  caput  cornu  posterioris,  cp  (arteria  cornu  posterioris).  Two 
fairly  constant  arteries  extend  from  the  pia  mater  into  the  lateral  column 
and  the  adjoining  grey  matter,  the  arteria)  latcrales  anterior  ( la ) et  media 
(fin),  the  latter  corresponding  to  about  the  middle  of  the  lateral  column. 
An  arteria  lateralis  posterior  (Ip)  is  less  constant.  The  veins  follow,  on  the 
whole,  the  course  of  the  arteries ; the  venae  sulci,  however,  are  not  of 
sufficient  calibre  to  accommodate  all  the  blood  admitted  by  the  arteria) 
sulci ; the  rest  goes  into  the  veins  of  the  vaso-corona,  and  so  to  the  posterior 
part  of  the  periphery  of  the  cord  (Kcuiyi). 


5.  PATHOLOGICAL  CHANGES  IN  THE  SPINAL 

CORD. 

The  diseases  of  the  spinal  cord,  which  are  interesting  from  the  stand- 
point of  pathological  auatomy,  can  only,  owing  to  the  abundance  of 
material,  receive  a cursory  notice  in  this  place. 

Pathological  changes  in  the  cord  may  either  originate  within  itself  or 
may  extend  into  it  from  other  organs — e.g.,  brain,  nerve-roots,  bones, 
meninges.  Hence  primary  and  secondary  lesions  are  distinguished. 

There  are  also  some  primary  diseases  of  the  cord  accompanied  by 
co-ordinate  changes  in  other  parts  of  the  nervous  system.  We  have  instances 
of  this  in  polyneuritis  and  disseminated  sclerosis.  These  must,  of  course, 
be  included  among  primary  forms  of  disease. 

In  earlier  times,  when  spinal  disease  was  ill-understood,  both  from 
the  pathological  and  the  anatomical  point  of  view,  most  primary  diseases 
of  the  cord  were  classed  together  under  the  name  of  myelitis.  Later 
research  revealed  ever  fresh  special  forms  of  disease  and  withdrew  them 
from  the  category,  until  the  term  myelitis  was  restricted  to  a very  narrow 
range. 

Recently,  however,  a retrograde  movement,  if  we  may  so  call  it,  has  set 
in.  We  learn  to  recognise  more  and  more  special  types  of  disease  which, 
though  apparently  distinct,  must  be  ultimately  referred  to  a myelitic 
process,  and  which  generally  represent  stages  transitional  to  other  inflam- 
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matory  changes.  The  line  of  demarcation  thus  becomes  fainter  and 
fainter. 

Great  stress  used  to  bo  laid  upon  the  distinction  between  diffuse  and 
systematic  disease. 

It  is  characteristic  of  localised  diseases  of  the  spinal  cord  that  they  are 
confined  to  well-marked  regions  of  the  white  or  grey  matter — morphological 
legions  the  limits  of  which  are  not  at  first  overstept,  and  hence  recipro- 
cally much  information  as  to  the  definition  of  these  regions  is  obtained  by 
a study  of  their  diseases.  Diffuse  diseases  do  not  respect  these  boundaries. 

It  becomes,  however,  more  and  more  evident  that  purely  systemic 
disease  is  largely,  if  not  entirely,  secondary  in  character;  and  it  is  difficult 
to  see  why  a mischievous  process  in  the  spinal  cord,  such  as  one  of  the  still 
hypothetical  toxine  poisonings,  should  select  certain  tracts  for  its  point  of 
attack,  leaving  contiguous  tracts  unharmed. 

Accordingly,  we  will  draw  our  first  distinction  between  primary 
(endogenous)  and  secondary  (exogenous)  diseases. 


I.  PRIMARY  DISEASES  OF  THE  SPINAL 

CORD. 

(a)  Inflammatory  Processes. — 1.  Acute  diffuse  myelitis  has 

either  a traumatic  origin  (as  in  concussion  of  the  spinal  cord) ; or  is  toxic, 
due  to  the  poison  of  syphilis,  tetanus,  gonorrhoea,  typhus,  small-pox,  malaria, 
etc.  Owing  to  its  greater  richness  in  blood-vessels  the  grey  matter  is 
usually  more  affected  than  in  cases  of  a secondary  character,  in  which  the 
process  spreads  inwards  from  the  meninges.  Complete  softening  of  the 
cord  extending  a long  way  in  a longitudinal  direction  may  result  from 
such  a myelitis. 

In  the  first  stage  of  acute  myelitis  the  blood-vessels  are  full  and 
distended,  and  white  corpuscles  abound  in  the  lymph-spaces  about  them. 
These  corpuscles  soon  disperse  throughout  the  whole  inflamed  area,  though 
remaining  most  numerous  in  the  neighbourhood  of  the  vessels.  Varicose 
hypertrophy  of  the  axis-cylinder  can  be  discerned  in  some  of  the  nerve- 
fibres.  The  nerve-cells  exhibit  degenerative  processes  of  various  kinds, 
differing  often  in  cells  close  together,  granular  degeneration  and  homo- 
geneous swelling  being  the  commonest.  With  the  decay  of  the  elements 
and  the  inception  of  softening,  fat-granule  cells  make  their  appearance,  in 
consequence  of  the  filling  of  the  abundant  lymph-corpuscles  with  the 
products  of  decomposition.  If  then  the  vessels,  full  to  their  utmost 
capacity  and  ill-supported  by  the  softened  tissue,  tear,  they  present  the 
spectacle  of  haemorrhagic  softening. 

Sometimes  we  meet  with  quite  small  and  circumscribed  spots  character- 
ised by  all  the  marks  of  acute  myelitic  change.  Here,  by  proliferation  of 
gleia,  the  disease  proceeds  to  secondary  degeneration. 

Chronic  myelitis,  the  rarer  form  of  the  disease,  runs  practically  the 
course  just  described. 
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Compress! on-myelitis  (as  in  caries  of  the  vertebrae)  must  be  ranked  with 
the  chronic  form ; but  it  will  be  discussed  later,  as  it  is  of  exogenous 
origin. 

2.  A form  of  acute  myelitis  confined  to  the  grey  anterior  horns  and  the 
parts  immediately  surrounding  them  is  met  with  in  the  spinal  paralysis 
of  children  and  acute  poliomyelitis  of  adults  (atrophic  spinal  paralysis, 
tcphromyclite  anterieure).  Here,  in  all  likelihood,  we  have  to  do  with  an 
infectious  process.  In  the  former  malady  the  diseased  spots  are  more  cir- 
cumscribed than  in  the  latter,  and  are  almost  always  confined  to  the  anterior 
horn  on  one  side.  They  both  consist  primarily  of  a vascular  inflammation 
of  the  ventral  parts  of  the  cord,  limited  to  a particular  level  and  proceeding 
rapidly  to  destruction  of  the  large  cells  of  the  anterior  horn,  some  of  which 
are  occasionally  calcified.  At  the  same  time  the  network  of  medullated 
nerve-fibres  which  permeates  the  whole  substance  of  the  anterior  horns 
disappears  from  the  part  affected,  so  that  in  sections  coloured  by  Weigert’s 
method  it  can  readily  be  distinguished  from  the  sound  grey-stained  parts 
of  the  grey  substance  by  the  lightness  of  its  colour.  Secondarily,  de- 
generation of  the  anterior  roots  and  the  corresponding  parts  of  the  motor 
nerves  sets  in,  proceeding  towards  the  periphery  and  extending  to  the 
muscles ; together  with  a thickening  of  the  gleia-tissue  in  the  anterior 
boras  and  multiplication  of  Deiters’  cells  (sclerosis).  The  vessels  are  also 
sclerosed.  In  extreme  cases  the  sclerosis  may  spread  to  the  surrounding 
white  substance.  It  is  doubtful  whether  there  really  is  a form  of  poliomy- 
elitis anterior  in  which  the  destruction  of  the  nerve-cells  is  (as  Charcot 
supposed)  the  primary  feature. 

Progressive  spinal  muscle-atrophy  shows  a similar  degeneration  of  the 
cells  of  the  anterior  horn,  but  it  has  not  been  proved  to  have  root  in  an 
inflammatory  process  in  the  spinal  cord. 

3.  Disseminated  sclerosis  (insular  sclerosis,  sclerose  en  plaques), 
fig.  127. 

The  degenerated  spots  are  of  very  variable  size  (they  may  even  occupy 
the  whole  cross-section  of  the  medulla),  and  are  conspicuous  in  fresh 
preparations  by  their  reddish-grey  or  brownish  colour.  After  hardening  in 
chrome-salts  they  turn  bright  red.  They  may  occur  in  any  part  of  the 
cross-section  of  the  cord,  and  they  spread  over  from  the  white  substance  to  the 
grey,  and  vice  versa.  Sclerosed  spots  are  found  at  all  levels  in  the  cord, 
although  less  often  in  the  lumbar  region  than  in  those  above.  Nearly  all 
sclerotic  patches  in  the  cord  extend  to  the  periphery ; patches  completely 
centralised  are  rare,  especially  in  the  grey  substance.  It  sometimes 
happens  that  the  patches  are  symmetrical,  or  that  they  start  from  near  the 
sulcus  longitudinalis  anterior  and  spread  out  into  the  anterior  columns  on 
both  sides.  As  a general  rule,  the  progress  of  such  a sclerosed  patch 
experiences  no  check,  and  (as  in  fig.  127)  it  encroaches  upon  a part  of 
the  grey  substance  of  both  anterior  horns  without  a pause.  On  the  other 
hand,  if  the  process  is  not  very  far  advanced,  it  is  possible  for  some  fibre- 
tracts  to  run  uninjured  through  the  sclerosed  spot.  An  example  of  this 
may  be  seen  in  single  bundles  of  anterior  roots  in  fig.  127,  and  in  the 
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Fig.  127. —Disseminated  sclerosis  in 
the  cervical  swelling.  Pal's 
staining.  Magn,  3. 


ncrvus  accessorius  during  its  course  through  the  sclerosed  lateral  column 
of  the  upper  cervical  cord. 

It  is,  however,  doubtful  whether  we  ought  to  regard  disseminated 
sclerosis  as  a form  of  chronic  myelitis  which  results  in  the  formation  of  a 
neoplasm  of  glcia-tissue,  and  consequent  injury  to  the  nervous  elements. 
Many  assume  the  existence  of  a primary  disease  of  the  nerve-fibres.  The 
curious  manner  in  which  the  spots  spread,  as  seen  both  in  longitudinal  and 
transverse  sections,  is,  however,  opposed  to  this  theory.  It  has  already 

been  mentioned  that  the  axis  - cylinder 
process  remains  intact  to  an  advanced 
stage  of  the  disease ; secondary  degenera- 
tion proceeding  from  a sclerosed  spot  is 
consequently  not  present  at  first.  The 
nerve-cells,  which  are  also  attacked  com- 
paratively late,  may  show  every  change 
proper  to  myelitis  (rf.  the  section  which 
treats  of  pathological  change  in  the  nerve- 
cell) ; the  vessels  appear  thickened  and 
sclerosed,  the  spaces  they  occupy  are 
usually  enlarged.  In  acute  cases,  which  are  not  very  common,  it  is 
easiest  to  see  that,  as  a matter  of  fact,  these  sclerosed  spots  result  from  a 
myelitic  process.  For  the  rest,  an  enlargement  of  old  spots  and  a constant 
formation  of  fresh  ones  appears  frequently  to  take  place  even  in  chronic 
cases,  so  that,  though  the  disease  may  be  of  long  standing,  we  may  come 
across  border  zones  of  fresh  degeneration,  and  even  entirely  fresh  spots, 
with  apparently  all  the  characteristic  signs  of  acute  myelitis. 

Many  attempts  have  been  made  to  refer  disseminated  sclerosis  back  to 
a primary  meningitis  ; but  the  grounds  for  this  theory  are  by  no  means 
adequate,  since  the  pia  mater  may  retain  a relatively  normal  character 
even  in  the  neighbourhood  of  large  sclerosed  spots.  It  is  also  probable 
that  the  pathological  process  of  disseminated  sclerosis  is  not  of  the  same 
type  in  every  case. 

Iusular  sclerosis  generally  attacks  both  brain  and  cord  at  the  same  time, 
often  including  the  nerve-roots  also.  The  sclerosed  patches  in  the  brain 
are  sometimes  very  large  and  numerous ; they  are  found  chiefly  in  the 
region  of  the  pons  and  in  the  white  substance  of  the  hemisphere.  Often 
the  ependyma  of  the  lateral  ventricle  is  the  starting-point  of  large 
lesions. 

4.  Amyotrophic  lateral  sclerosis  has  also  been  referred  to  an 
inflammatory  origin.  In  this  case  the  myelitic  process  attacks  not  only 
the  anterior  horn,  but  also  the  medullary  sheath  of  the  cord,  especially 
the  lateral  and  anterior  pyramidal  tracts.  It  can,  however,  be  followed 
into  the  brain,  so  that,  besides  diffuse  degeneration  of  the  medullary 
substance,  we  meet  with  strongly-marked  descending  degeneration  of  the 
pyramidal  tracts. 

fj.  Spinal  abscess. — This  uncommon  disease  results  either  from 
myelitis  of  traumatic  origin  or  from  a metastatic  process.  Or  it  may  be 
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preceded  by  purulent  meningitis,  and  pass  over  secondarily  to  the  substance 
of  the  cord.  The  seat  of  such  abscesses  is  usually  central. 

(b)  Non-Inflammatory  Primary  Diseases. — Of  these  we  will 
mention  : — 

1.  Anaemia  and  hypersemia  of  the  cord.  Extreme  anaemia  soon 
leads  to  the  destruction  of  the  nerve-cells  and  the  fibres  which  arise  from 
them. 

2.  Haemorrhage  into  the  substance  of  the  spinal  cord  (apoplcxia 
spinalis,  hrematomyelia)  occurs  spontaneously  (in  which  case  it  affects  the 
grey  matter  and  immediately  adjoining  white  substance  more  especially), 
as  the  result  of  injuries  or  diminished  atmospheric  pressure,  or  it  may  be 
secondary  to  myelitis.  It  is  commonest  in  the  central  grey  substance  and 
in  the  posterior  horn ; in  the  latter  region  it  is  usually  confined  to  one  side. 
In  the  white  substance  the  most  usual  seat  of  haemorrhage  is  the  ventral 
part  of  the  posterior  columns.  If  the  rest  of  the  cord  be  healthy 
the  effused  blood  shows  a tendency  to  spread  through  the  cord  in  the 
direction  of  its  long  axis,  ‘tubular  haemorrhage,’  a circumstance  duo 
rather  to  the  peculiar  structure  of  the  grey  substance  than  to  the  erect 
posture  in  Man  ( Schlesinger ).  Capillary  haemorrhage  rarely  occurs  in  the 
cord.  It  may  be  found  in  the  cervical  cord  of  persons  who  have  been  hanged. 

3.  Paralysis  agitans.— The  most  characteristic  token  of  this  disease 
is  a perivascular  sclerosis.  Endoarteritis  and  periarteritis  are  found  in 
many  vessels  in  the  posterior  and  lateral  columns,  especially  in  the  ventral 
part  of  the  posterior  column,  and  again  very  markedly  in  numerous  vessels 
in  the  lumbar  cord  and  in  the  cervical  swelling.  From  the  parts  surround- 
ing the  vessels  a gleial  proliferation  spreads  among  the  nerve-fibres,  presses 
on  them,  and  so  induces  sclerosis.  In  a milder  form  these  symptoms  are 
found  in  aged  persons  as  the  expression  of  senile  involution. 

4.  Other  diffuse  diseases  of  the  blood-vessels  must  be  men- 
tioned, such  as  the  formation  of  numerous  miliary  aneurisms  ( Heboid ), 
a very  rare  disease,  but  observed  by  Koehler  and  Spit  Ira  throughout  the 
whole  length  of  the  cord. 

5.  Tumours  of  the  spinal  cord  generally  commence  in  the  membranes, 
but  we  occasionally  meet  with  some  which  have  developed  (often  as 
metastases)  in  the  nerve-substance  itself.  The  commonest  of  these  are 
tubercles  and  gliomas;  sarcoma  and  syphiloma  being  rarer.  Kronthal 
found  a lipoma  in  the  lateral  column  of  a rabbit,  and  in  a case  of  syringo- 
myelia Gerlach  observed  a small  teratoma  in  the  cervical  cord.  An  intra- 
medullary tumour  can  grow  to  a comparatively  large  size  at  the  expense  of 

the  nerve  substance  without  noticeably  increasing  the  circumference  of 
the  cord. 

0.  Here,  too,  teratological  congenital  changes  may  find  a place. 

Deficient  development  of  the  spinal  cord  is  not  rare,  especially  as 
regards  the  grey  matter.  Asymmetry  of  the  two  halves,  prolongation  of  the 
anterior  horns  to  the  periphery,  and  other  defects  are  found.  Many  of  the 
most  striking  distortions,  such  as  occur  when  one  half  of  the  cord  appears  to 
be  double,  are  artificially  produced  by  unskilful  handling  of  the  cord  (Ira 
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v.  Gieson).  Cases  in  which  the  two  vesicular  columns  of  Clarke  are  situate  in 
the  posterior  commissure,  nearly  touching  one  another  in  the  middle  line, 
as  was  first  described  by  Pick,  have  been  repeatedly  found.  Pick  also 
described  a very  rare  heterotopia  of  grey  gelatinous  substance.  In  another 
case,  Mu880  found  in  the  posterior  column  a little  heterotopic  lesion,  which 
did  not  quite  correspond  in  structure  with  the  column  of  Clarke,  but  was 
connected  with  this  column  of  cells  by  a narrow  grey  neck. 

The  student  must  be  on  his  guard  against  mistaking  for  heterotopia 
of  the  grey  substance  the  free  scattered  nerve-cells,  which  I have  already 
spoken  of,  as  occurring  in  the  medullary  substance,  and  which  are  far  from 
uncommon. 

The  condition  known  as  hydromyelia  (fig.  128)  consists  in  a congenital 
dilatation  of  the  central  canal,  the  cavity  being  lined  almost  throughout 
with  a distinct  layer  of  epithelium. 

7.  A peculiar  kind  of  cavity  formation  in  the  cord,  known  as  syringo- 
myelia (fig.  129),  may  well  be  described  in  connection  with  hydromyelia. 
In  this  one  finds  in  the  interior  of  the  cord  a tubular  cavity,  often  of  con- 
siderable size,  and  extending  a long  way  down  the  cord.  It  always  lies  to 
the  dorsal  side  of  the  central  canal,  although  the  canal  not  infrequently 
opens  into  it.  It  has,  as  a rule,  a fairly  firm  wall,  like  that  of  a cyst,  and 
its  lateral  enlargement  usually  extends  into  the  posterior  horns,  though  a 
part  of  the  anterior  horn  is  often  included.  Such  a cavity  results  from 


Fig.  128. — Hydromyelia  (after 
Schlcsinger).  Pal's 
staining. 


Fig.  1 29.  — Syringo  myelia  (after  Schlcsinger). 
Carmine-staining.  The  central  canal 
lies  in  the  grey  commissure  in  front  of 
the  cavity,  which  extends  into  both 
posterior  horns. 


various  causes,  or  it  may  be  due  to  deficient  development  of  the  cord.  We 
find  every  intermediate  stage  between  this  condition  and  pure  hydromyelia. 
Syringo-myelia  may  be  caused  by  a pre-existing  primary  central  tumour 
(usually  a glioma),  in  many  cases,  perhaps,  congenital,  which  creates  a 
cavity  by  destroying  the  tissue  of  the  cord.  At  one  time  the  terms  syringo- 
myelia and  central  gliosis  of  the  cord  were  used  indifferently  for  every- 
thing which  led  to  the  same  anatomical  result.  This  was  an  error : there 
are  cases  of  syringo-myelia  without  glioma,  and  of  glionnitosis  without 
central  softening.  Central  haemorrhage  and  diseases  of  the  intraspinal 
vessels  also  seem  to  have  an  important  bearing  upon  the  formation  of 
such  cavities. 
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8.  Senile  atrophy  is  almost  impossible  to  detect  microscopically,  even 
in  the  cord  of  very  old  persons,  on  account  of  the  extremely  variable  pro- 
portions of  the  normal  cord.  The  signs  discoverable  under  the  microscope 
are  a great  abundance  of  amyloid  bodies,  atrophy  and  accumulation  of 
pigment  in  the  nerve-cells,  and  the  changes  characteristic  of  old  age  in  the 
vessels  {vide  supra:  Paralysis  agitans),  which  may  result  in  spots  of 
thrombotic  softening.  But  in  many  very  aged  persons  none  of  these  tokens, 
except  the  amyloid  bodies,  are  present,  or  they  arc  present  only  to  a very 
limited  extent. 

9.  Many  other  diseases  of  the  cord,  the  origin  of  which  has  not  yet 
been  ascertained,  but  which  are,  in  all  likelihood,  primary,  might  be 
enumerated  hero.  Such  arc  certain  forms  of  combined  systemic  disease 
(see  p.  246),  the  affection  of  the  posterior  columns  in  pernicious  anaemia 
( Lichtheim , Nonne,  Minnich),  ergotism  ( Tuczek ),  etc. 


2.  SECONDARY  DISEASES  OF  THE  SPINAL 

CORD. 

1.  Tabes  dorsalis  is  not  confined  to  the  spinal  cord  ; the  peripheral 
nerves  arc  affected  as  well,  as  are  also  many  parts  of  the  brain,  especially 
the  cerebral  nerves  and  (in  some  cases)  their  nuclei.  It  is  in  the  cord, 
nevertheless,  that  the  most  serious  ravages  of  the  disease  are  seen. 

Roughly  speaking,  it  may  be  defined  as  degeneration  of  the  posterior 
root-fibres  in  their  intra-medullary  course.  Long  ago,  Leyden  pointed  out 
the  connection  between  the  posterior  roots  and  what  was  then  called 
sclerosis  of  the  posterior  column ; but  to  the  labours  of  Marie,  Drjerine, 
and  Redlich,  we  owe  it  that  we  can  now  assert  that  tabes  affects,  in  the 
first  instance,  only  such  parts  of  the  cross-section  of  the  cord  as  can  be 
shown  to  consist  of  posterior  roots  and  their  collaterals.  Accordingly,  we  find 
degeneration  in  the  regions  into  which  the  roots  enter,  or  through  which 
they  pursue  their  brainward  course,  in  Burdach’s  and  Goll’s  columns  ; that 
is  to  say,  in  cases  in  which  the  upper  extremity  is  not  affected,  Burdach’s 
column  remains  intact.  The  ventral  posterior  column  tract  also  escapes, 
at  least  in  part  and  in  the  earlier  stages,  and  so  do  the  two  columns  which 
degenerate  downwards,  and  some  fibres  in  the  vicinity  of  the  posterior  horns. 

On  the  other  hand,  we  observe  degeneration  in  Lissauer's  border  zone, 
and  the  reflex  collaterals,  and  shrinkage  of  the  cells  of  Clarke’s  column 
and  of  the  nuclei  of  the  posterior  horn. 

Those  changes  unmistakably  indicate  a process  of  ascending  secondary 
degeneration  of  the  posterior  roots.  The  main  difficulty  was  felt  to  lie  in 
their  pathogenesis. 

If  we  regard  as  primary  the  degeneration  so  often  met  with  in  the 
peripheral  nerves,  it  is  hard  to  understand  how  it  can  extend  beyond  the 
cells  of  the  spinal  ganglia.  Moreover,  it  is  seldom  as  well  marked  as  the  de- 
generation of  the  cord.  This  consideration  has  led  some  observers  to  place 
the  scat  of  the  primary  disease  in  the  cells  of  the  spinal  ganglia  {Marie). 
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But  anatomical  methods  of  investigation  bring  to  light  in  the  spinal  ganglia 
nothing  adequate  to  explain  the  extreme  iutra-medullary  degeneration. 

We  know,  however,  that  under  normal  conditions  the  roots  are  strongly 
constricted  at  the  point  at  which  they  pierce  the  pia  mater  (fig.  118),  often 
to  such  an  extent  that  the  myelin  sheath  completely  disappears.  It  seems, 
therefore,  not  improbable  that  in  many  cases  the  posterior  roots  arc  pressed 
or  compressed  at  their  most  vulnerable  point,  either  by  a meningitic 
process,  or  by  sclerotic  atrophy  of  the  pia  mater  (due,  for  example,  to  the 
sclerosis  of  the  connective  tissues  which  occurs  in  the  most  diverse  organs 
after  syphilis),  or  by  an  overgrowth  of  gleia  in  the  cortical  layer,  or  finally 
to  a process  of  sclerosis  and  consequent  thickening  of  the  walls  of  the  vessels 
which  nearly  always  lie  close  to  the  roots  at  this  point. 

If  secondary  degeneration  proceeds  inwards  from  the  point  of  entrance 
of  the  posterior  roots,  it  is  easy  to  see  that  in  cases  of  no  long  standing 
the  extra-medullary  part  of  the  root  will  have  suffered  less  than  the  intra- 
medullary part. 

2.  The  characteristic  feature  of  combined  systemic  disease  is  that 
it  attacks  several  systems  at  once  ; though  we  are  bound  to  admit  that  a 
system  is  a thing  as  yet  imperfectly  defined.  It  is  generally  considered 
an  essential  attribute  of  combined  systemic  disease,  that  it  should  attack 
both  tracts  that  degenerate  upwards  and  those  that  degenerate  downwards. 

A common  form  is  distinguished  by  the  fact  that,  like  tabes,  it  affects 
the  posterior  columns,  and,  in  addition,  the  lateral  pyramidal  tract,  the 
lateral  cerebellar  tract,  and,  possibly,  Gowers’  bundle,  in  the  lateral 
column.  It  is  a noteworthy  circumstance  that  the  degeneration  of  the 
pyramidal  tracts  decreases  as  they  approach  the  brain,  while  in  the  pos- 
terior columns  the  case  is  reversed.  Here  we  probably  have  to  do  with 
an  inflammatory  process  starting  from  the  meninges,  which,  without  being 
locally  very  severe,  injures  a certain  number  of  fibres.  This  would  explain 
the  increase  of  degeneration  in  the  lateral  pyramidal  tract  as  it  descends  ; 
a number  of  pyramidal  fibres  in  each  segment  being  destroyed  in  this 
fashion,  so  that  each  succeeding  segment  adds  to  the  total  of  those  de- 
stroyed. 

In  many  cases  of  tabes  dorsalis,  the  lateral  column  suffers  from  the 
pathological  process  in  the  pia  mater,  and  a form  of  combined  systemic 
disease  ensues.  Degeneration  of  the  posterior  and  lateral  columns  is  also 
met  with  in  creeping  paralysis. 

A similar  form  of  combined  systemic  disease  (usually  met  with  in 
hereditary  ataxy)  is  that  in  which  Goll’s  column  degenerates  in  toto,  in 
company  with  the  lateral  cerebellar  tract,  Clarke’s  columns,  and  a part  of 
Burdach’s  column.  In  other  combined  forms  the  lateral  cerebellar  tracts 
remain  intact,  and  we  must  therefore  refer  such  cases  to  a different  exciting 
cause.  Whether  or  not  this  cause  is  a primary  disease  of  the  column  must 
be  left  an  open  question,  as  many  observers  do  not  admit  the  existence  of 
such  a disease.  Those  who  hold  to  the  notion  of  primary  systemic  disease, 
would  describe  forms  unquestionably  secondary,  as  combined  pseudo-systemic 
degeneration.  Marie  is  of  opinion  that  disease  of  certain  areas  in  the  cross- 
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section,  such  as  is  found  in  pellagra  ( Tuczek ),  should  be  attributed  to  the 
destruction  of  the  corresponding  columnar  cells,  and  consequently  to  a 
lesion  of  the  grey  substance. 

3.  Other  secondary  inflammatory  diseases  of  the  cord  have  been 
mentioned  in  the  preceding  pages.  They  depend,  as  a rule,  upon  pressure 
from  outside  (compression-myelitis),  due  to  such  causes  as  inflammatory 
thickening  of  the  dura  mater  spinalis  in 
the  cervical  region  (pachymeningitis  cervi- 
calis  hypertrophica) ; or  the  pressure  may 
be  due  to  the  growth  of  tumours  within 
the  vertebral  canal,  either  proceeding 
directly  from  the  membranes  as  gummata, 


myxomata,  and  sarcomata,  or  solitary 


Fig.  130.  — Combined  systemic 
disease  of  the  spinal  cord.  Sec- 
tion from  lumbar  region.  Magn. 
3.  1‘al's  staining.  Both  pos  - 
terior  columns,  with  the  excep- 
tion of  the  part  bordering  on  tbe 
grey  matter,  as  well  as  the 
lateral  pyramidal  tract,  and  to  a 
very  slight  extent  the  whole 
periphery  of  the  cord,  appear 
diseased. 


tubercles,  lipomatous  overgrowth  of  the 
peridural  fat,  or  echinococci  (generally 
outside  the  dura) ; but  by  far  the  com- 
monest causes  of  these  secondary  diseases 
in  the  spinal  cord  are  troubles  affecting 
the  vertebra), — caries,  for  instance,  or  more 
rarely  tumours.  The  peripheral  parts  of 
the  cord,  which  are  most  exposed  to  the 
direct  effects  of  the  pressure  or  the  inflam- 
mation set  up  by  it,  suffer  most  severely 
from  compression-myelitis,  especially  in  the  earlier  stages.  The  interstitial 
gleia-tissue  thickens  to  a coarse  mesh,  traversed  by  more  or  less  numerous 
sound  fibres.  Gradually,  as  fat-granule  cells  appear,  more  and  more  nerve- 
fibres  become  involved  in  the  general  decay,  many  perishing  by  hypertrophy 
of  the  axis-cylinder. 

Meningitis  spinalis  may,  owing  to  the  accumulation  of  exuded  lymph, 
produce  general  compression  of  the  cord;  or  a much  more  interesting 
direct  concentric  extension  of  the  inflammatory  process  to  the  spinal  cord, 
myelitis  annularis.  Various  diseases  of  associated  tracts  of  the  cord  may, 
as  already  mentioned,  be  attributed  to  primary  meningitis. 

4.  Secondary  degeneration  has  already  been  discussed.  It  may 
take  as  its  starting-point  parts  remote  from  the  cord— the  cauda  equina, 
for  instance,  or  certain  parts  of  the  brain. 

5.  The  micromyelia  of  microcephali  finds  a place  here  ; the  diminution 
hiefly  affects  the  pyramids  and  Goll’s  columns,  and  depends  upon  the 

want  of  development  of  the  brain  ( Steinlechner ). 


It  is  impossible  in  this  place  to  examine  in  detail  the  minute  histo- 
logical changes  associated  with  the  diseases  mentioned  above.  The  most 
important  facts  known  with  regard  to  these  changes  have  already  been 
introduced  into  the  chapter  on  the  constituents  of  the  central  nervous 
system.  I will  only  observe  that  it  may  be  of  importance  to  determine,  in 
any  particular  case,  whether  the  nervous  elements  of  the  spinal  cord  are 
the  starting-points  of  the  disease  (parenchymatous  processes),  or  whether, 
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on  Lhe  other  hand,  the  disease  commences  in  the  connective  tissue  or  blood- 
vessels (interstitial  processes).  This  is  in  many  cases  a matter  of  great 
difficulty. 

The  occurrence  in  the  spinal  cord  of  fat-granule  cells  gives  rise  to 
appearances  which  vary  with  the  disease.  They  are  never  wanting  in 
dementia  paralytica  (Westphal) ; but  they  often  occur  in  other  diseases  of 
the  brain.  They  have  even  been  frequently  found  in  diseases  of  other 
organs,  though  in  such  cases  they  are  said  to  be  confined  to  the  segments 
which  supply  the  diseased  part  with  nerves.  Hardly  ever  are  fat-granule 
cells  scattered  equally  throughout  the  whole  cross-section.  In' secondary 
degenerations  they  are  almost  always  limited  to  the  diseased  columns  of 
fibres. 

Mar  chi's  method  should  invariably  be  included  among  those  employed 
in  investigating  degenerations ; in  many  cases  it  shows  the  nature  of  the 
disease  as  no  other  method  does ; and  it  is  the  only  one  by  which  incipient 
degeneration  can  be  detected.  As  it  is  extremely  sensitive,  I would  again 
remind  the  student  that  its  results  must  be  received  with  caution. 
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Obersteiner,  Bemerkungen  zur  tabischen  Hinterwurzelerkrankung.  Ibid., 
III.,  1895.  Sclilesinger,  Ueber  Riickenmarksabscess.  Ibid.,  II.,  1894. 
Redlicli,  Beitr.  z.  path.  Anatomie  der  Paralysis  agitans.  Ibid.,  II.,  1894. 
Scliiff,  A.,  Ueber  zwei  Faille  von  Riickenmarkstumoren.  Ibid.,  II.,  1894. 
Dexler,  Beitr.  z.  Pathol,  d.  chron.  Compressionsmyelitis.  Ibid.,  III.,  1895. 
Sclilesinger,  H.,  Ueber  das  wahre  Neurom  d.  Riickenmarks.  Ibid.,  III., 
1895.  Sclilesinger,  H.,  Ueber  Hinterstrangsveriinderungen  bei  Syringo- 
myelie.  Ibid.,  III.,  1895.  Sclilesinger,  H.,  Die  Syringomyelie.  Wien, 
1895.  Marie,  De  l’origine  exogene  ou  endogene  des  lesions  du  cordon  post. 
Sem.  med.,  1894.  Mayer,  C.,  Zur  path.  An.  d.  Riickenmarkshinterstrange. 
Jahrb.  f.  Psych.,  1894.  Tuczek,  Klin.  u.  anat.  Studien  liber  d.  Pellagra. 
Berlin,  1893.  Minnich,  Zur  Kenntniss  d.  im  Verl.  d.  pernic.  Anamie  beob. 
Spinalerk rankung.  Zeitschr.  f.  klin.  Med.,  XXI.  and  XXII.  Westphal, 

Arch.  f.  Psych.,  VIII.  et  seq.  Borglierini,  Die  pscudosystem.  Deg.  d. 
Riickenmarks.  Wien  med.  Jahrb.,  1887.  Charcot,  Lemons  s.  1.  mal.  du 
syst.  nerveux,  1890-1891.  Werdnig,  Ein  Fall  v.  dissem.  Sklerose.  Wien, 
med.  Jahrb.,  1889.  Redlicli,  Ueber  eine  eigenth.  Erkrankung  d.  Riicken- 
markshinterstranges.  Zeitschr.  f.  Heilk.,  1891.  Blocq  and  Conde,  Ana- 
tomie pathol.  de  la  moelle  ep.  Paris,  1891. 

Owing  to  the  extraordinary  richness  of  the  literature  relating  to  patho- 
logical anatomy,  we  can  only  mention  here  such  works  as  are  referred  to  in 
the  text. 


SECTION  V.— TOPOGRAPHICAL  EXAMINATION 
OF  THE  BRAIN. 


It  is  not,  as  a rule,  necessary  to  obtain  an  unbroken  succession  when 
making  a series  of  sections ; at  any  rate  when  working  with  human  brains 
or  the  brains  of  the  larger  mammals.  .Such  an  attempt  would  result  in 
a great  waste  of  apparatus,  reagents,  and  time.  It  is  sufficient  to  take 
somewhat  thick  pieces  at  different  levels,  from  each  of  which  the  finest 
sections  possible  are  prepared.  Care  must  be  taken,  however,  not  to 
discard  material  in  such  places  as  show  important  anatomical  changes 
within  a small  area ; as,  for  instance,  in  the  region  of  the  decussation  of 
the  trochlear  nerves. 

When,  however,  it  is  a question  of  establishing  minute  anatomical 
relations,  as  in  tracing  the  course  of  fibres,  we  must  be  careful  to  prepare 
an  unbroken  series  of  sections.  In  such  cases,  as  also  for  pathological 
work,  other  methods  than  those  recommended  on  p.  14  are  often 
valuable. 

We  shall  begin  by  examining  a section  obtained  from  the  brain-stem 
in  front  of  the  anterior  corpora  quadrigemina.  The  drawings  from  fig.  132 
to  150  are  made  from  carmine-preparations,  those  from  151  to  153 
from  sections  prepared  by  Pal’s  method.  The  sections  are  cut  in  a plane 
at  right  angles  to  the  long  axis  of  the  medulla.  By  artificial  stretching  of 
a freshly  removed  brain-stem  during  the  hardening  process  it  is  possible  to 
bring  the  spinal  cord  and  medulla  (which  naturally  make  a right  angle 
with  one  another)  into  the  same  straight  line.  According  to  Forel’n 
method  the  axis  is  called  ‘ Meynert’s  axis  of  section,’  and  the  perpendi- 
cular planes,  to  which  our  sections  correspond,  ‘ Meynert’s  cross-planes.’ 
In  lower  animals  this  bending  of  the  stem  is  less,  and  so  the  long  axis  of 
the  spinal  cord  is  more  nearly  a continuation  of  the  brain-axis. 

The  comprehension  of  the  complicated  structure  which  the  central 
nervous  system  presents  above  the  medulla  is  facilitated  by  bearing  in 
mind  the  arrangement,  both  as  to  form  and  course  of  fibres,  which  we  have 
found  in  the  spinal  cord.  Although  there  are  many  details  in  the  arrange- 
ment of  the  fibres  peculiar  to  each  region,  there  are  yet  some  general  points 
of  view,  of  which  mention  may  first  be  made  : — 

(1.)  The  tracts  of  long  fibres  of  the  spinal  cord  can  be  followed  for 
a longer  or  shorter  distance  into  the  medulla,  whence  some  go  to  the 
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cerebellum,  and  others  to  the  great  brain ; they  are,  however,  to  a greater 
or  less  extent,  enveloped  in  other  structures. 

(2.)  The  same  can  be  said  for  the  grey  matter  of  the  cord,  which,  with 
many  changes  in  form,  but  with  no  break  in  its  continuity,  takes  part  in 
the  formation  of  the  medulla  oblongata. 

(3.)  Several  new  grey  masses  appear  with  the  fibres  which  belong  to 
them,  and  introduce  varying  complications  into  the  picture. 

(4.)  A striking  change  is  produced  in  the  relation  of  the  several  con- 
stituents of  the  medulla  by  the  opening  out  of  the  central  canal  into  the 
fourth  ventricle.  Structures  which  were  before  dorsal  to  the  canal,  come 
to  lie  on  each  side  of  it. 

We  shall  follow  the  structure  of  the  medulla  through  a series  of 
sections.  But  in  order  not  to  lose  sight  of  the  level  at  which  successive 
sections  are  made,  it  is  desirable  first  to  give  an  account  of  its  external 
form. 

For  this  purpose  it  is  well  to  have  always  at  hand  a well-hardened 
brain,  and  to  follow  in  imagination  the  planes  of  the  sections  as  we  study 
them  (as  shown  in  fig.  131).  It  is  also  desirable  to  make  at  the  same  time 
cross-sections  of  a fresh  brain,  and  to  study  in  them  the  details  which 
microscopic  examinations  of  the  prepared  brain  bring  to  light. 

Changes  in  formation  preparatory  to  its  conversion  into  the  medulla 
are  already  visible  in  the  cervical  cord  at  the  level  of  the  second  cervical 
nerve.  This  is  about  the  level  at  which  we  usually  separate  the  cord  in 
taking  the  brain  out  of  the  skull-case. 

The  changes  are,  as  shown  in  section  a,  fig.  131,  still  more  marked  at 
the  level  of  the  first  cervical  nerves.  The  posterior  horn  assumes  an  almost 
cylindrical  form,  while  the  cervix  cornu  posterioris,  Cep,  becomes  thinner 
and  the  apex  disappears.  The  caput  with  its  substantia  gelatinosa  Rolandi, 
Stjl,  is  now  separated  from  the  surface  by  the  longitudinally-running  fibres 
of  the  ascending  root  of  the  trigeminus,  Va  ; it  usually,  however,  makes  a 
noticeable  external  prominence,  the  tuberculum  Rolandi  (not  to  be  seen 
in  fig.  132). 

A strong  development  of  the  processus  reticularis  makes  its  appearance 
lower  down  in  the  lateral  column,  as  does  also  the  root  of  the  nervus 
accessorius,  XI.,  which  passes  from  this  region  to  the  periphery.  Individual 
bundles  of  fibres  appear  cut  across  at  different  angles.  More  and  more 
obliquely-cut  bundles  are  seen,  especially  traversing  the  central  part  of  the 
anterior  horn.  Still  farther  brainwards  one  can  see  distinctly  that  large 
fasciculi  from  the  lateral  column  pierce  the  anterior  horn,  cross  the  middle 
line,  and  add  themselves  to  the  anterior  columns  of  the  opposite  side. 
These  indicate  the  crossing  of  the  pyramids  (decussatio  pyramidum),  DPy. 
Farther  up,  the  quantity  of  fibres  crossing  from  the  lateral  column  of  one 
side  into  the  anterior  column  of  the  other  becomes  so  immense  that  the  tip 
of  the  anterior  horn  {Ca})  is  completely  cut  off  from  its  central  parts  (G'a2). 
At  the  same  time  the  anterior  longitudinal  fissure  ( fsla ) becomes  much 
shallower.  In  some  places  it  is  almost  completely  filled  up.  Only  that 
part  of  the  lateral  column  which  we  have  named  the  lateral  pyramidal 
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tract  shares  in  this  crossing.  The  bundles  which  cross  ascend  obliquely 
upwards,  forwards,  and  outwards,  forming  a sharp  angle  with  the  mesial, 
frontal,  and  horizontal  planes  alike.  Thus  it  comes  about  that  the  anterior 
fissure  is  pushed  sometimes  to  one  side,  sometimes  to  the  other,  or  it  may 
be  so  doubled  that  the  crossing  of  the  pyramids  is  bounded  below  by  a 


Fig.  131.— Serves  to  show  the  level  at  which  the  cross-sections,  represented  in  fir's. 
132-149  (with  the  exception  of  144)  are  made.  It  must  be  remarked  that  the 
lines  drawn  across  this  figure  do  not  indicate  the  plane  of  the  cross-sections  to 
which  they  correspond,  but  only  the  situation  of  their  most  dorsal  portions  • 
cf.  fig.  12.  1 ’ 

sickle-shaped  cleft  on  either  side,  and  presents  a mammilliform  process, 
processus  mammillaris  (as  in  fig.  134).  The  anterior  commissure  appears 
to  be  involved  in  the  overwhelming  mass  of  the  crossing  pyramids ; as  a 
matter  of  fact,  however,  it  remains  independent  of  the  latter,  and  fibres 
homologous  with  it  can  be  followed  even  as  far  as  the  mid-brain. 
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A transverse  section  through  the  region  in  which  the  greatest  number 
of  fibres  cross  shows  the  following  changes.  With  the  gradual  increase  in 
the  cross-section,  Cc , the  central  canal  (fig.  1 33),  is  displaced  dorsally. 
The  dorsal  border  of  the  central  grey  substance  exhibits  two  small  swellings 
corresponding  to  the  two  portions  into  which  the  posterior  column  is 
divided.  In  the  mesial  of  the  two  columns  there  appears  an  elongated 
club-shaped  grey  mass,  the  point  of  which  rests  against  the  mesial  of  the 
two  swellings  which  we  have  mentioned ; this  is  the  nucleus  funiculi 
gracilis,  Ng  (post-pyramidal  nucleus  of  Clarke,  the  postero-mesial  accessory 
horn  of  Reichert).  A little  farther  brainwards  the  lateral  swelling  increases 
to  a similar  nucleus  in  the  cuneate  fasciculus  (nucleus  funiculi  cuneati, 
restiform  nucleus  of  Clarice,  postero-lateral  accessory  horn  of  Reichert ), 


Fig.  132. — Section  of  the  medulla  oblongata  represented  as  a in  fig.  131.  Magn.  4.— 
fslp,  Fissura  longitudinalis  posterior  ; Spcl,  sulcus  parainedianus  posterior  ; fng, 
funiculus  gracilis ; fnc,  funiculus  cuneatus  ; Rpc  1,  radix  posterior  cervicalis  prima  ; 
Vet,  spinal  root  of  trigeminus ; Sgl,  substantia  gelatinosa ; Cep,  cervix  cornu 
posterioris  ; fill,  funiculus  lateralis  ; KS,  lateral  cerebellar  tract ; Rac  1,  radix 
anterior  cervicalis  prima  ; Slv,  sulcus  lateralis  veil tralis  ;fsla,  fissura  longitudinalis 
anterior ; Cc,  canalis  centralis ; JDPy,  decussatio  pyramidum  ; Ca1  and  Ca2,  peri- 
pheral and  central  parts  of  the  cornu  anterior;  VO,  anterior  ground-bundle;  PV, 
anterior  pyramidal  tract 

resting  upon  the  central  grey  substance  in  the  form  of  a wide-based  dome. 
Neither  the  nucleus  gracilis  nor  the  nucleus  cuneatus  forms  a sharply- 
defined  grey  muss  ; both  are  made  up  of  separate  little  groups  of  nerve- 
cells  ; an  inconstant  isolated  group  of  cells,  situate  peripherally,  is  known 
as  the  outer  nucleus  of  the  cuneate  fasciculus,  Nee  (fig.  135).  Some 
authorities,  however  ( Blumenau , for  instance),  understand  by  this  term  the 
lateral  portion  of  the  nucleus  cuneatus,  which  is  occupied  by  larger  cells, 
preponderating  more  and  more  as  it  approaches  the  brain. 

The  lateral  column  becomes  progressively  smaller  as  its  fibres  cross  the 
middle  line  to  take  up  their  position  on  the  ventral  side  of  the  medulla ; 
the  lateral  cerebellar  tracts  are  seen  in  figs.  132,  133,  134,  lying  almost 
unchanged  in  the  lateral  region,  while  the  remainder  of  the  lateral  column 
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is  lost  in  a mass  (staining  light-red  with  carmine)  which  passes  over  into 
that  portion  of  the  anterior  horn  which  has  already  been  cut  off  and  dis- 
placed laterally  by  the  crossing  of  the  pyramids. 


Fig.  133. — Section  indicated  in  fig.  131  by  the  line  b. — Ny,  Nucleus  funiculi  gracilis; 
Nc,  nucleus  funiculi  cuueati.  Other  lettering  as  in  fig.  132. 


The  farther  we  advance  brainwards  with  our  sections,  the  more 
indistinct  becomes  the  lateral  boundary  of  this  portion  of  the  anterior  horn, 
until  at  last  it  loses  itself  in  a mixed  region  (substantia  or  formatio 


Fig.  134.— Section  c in  fig.  131.—  XII,  Nervus  hypoglossus  ; NX II,  nucleus  of  ditto  ; 
DLm,  decussatio  lemnisci ; Lm,  lemniscus ; Nfa,  nucleus  of  anterior  column  ; Py, 
pyramids.  For  remaining  lettering,  see  supra. 

reticularis  grisea,  seu  lateralis)  lying  to  the  side  of  the  ventral  half  of 
the  medulla. 

Mcsially  this  region  is  bounded  by  a very  distinct  white  bundle,  the 
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lowest  root  of  the  hypoglossal  (fig.  134,  XII),  which,  starting  in  the 
neighbourhood  of  the  central  canal,  runs  ventrally  with  an  inclination 
sidewards  towards  the  periphery.  Lying  on  its  inner  side  somewhere 
about  the  middle  is  to  be  seen  a long,  often  interrupted,  but  very  con- 
spicuous group  of  large  nerve-cells,  which  may  be  called  the  nucleus  of  the 
ground-bundle  of  the  anterior  column,  Nfa  (nucleus  funiculi  anterioris). 
The  ground-bundle  of  the  anterior  column  retains  its  original  position  on 
the  mesial  side  of  the  former  anterior  horn,  appearing  in  cross-section  as  a 
fairly  recognisable  area  rounded  dorsally,  but  pointed  on  its  ventral 
side  (figs.  132,  133,  134). 

As  soon  as  the  pyramids  (Pi/)  have  taken  up  their  position  on  the 
ventral  side  of  the  medulla,  as  great  compact  bundles,  the  crossing  of  the 


Fig.  135.— Section  d in  fig.  131.— ATa,  Spinal  root  of  glossopharyngeal ; Nee,  outer 
” nucleus  of  cuneate  fasciculus ; Nit,  nucleus  of  lateral  column  ; Na,  nucleus 
ambiguus  ; No,  olive  ; fai,  fibne  arcuate  interna; ; Sr  a,  substantia  reticularis 
alba  ; Ra,  raphe  ; One,  external  accessory  olive  ; Oaa,  anterior  accessory  olive  ; 
*ae,  fibr®  arcuate  extern®;  Nar,  nucleus  arcuatus;  The,  tuberculum  cuneatum. 

fillet,  DLm  (decussatio  lemnisci,  piniform  decussation),  makes  its  appear- 
ance in  the  middle  line  from  the  back  of  the  pyramids  to  the  central  canal. 
Fairly  thick  white  bundles  extend  in  concentric  curves  out  of  the  region  of 
the  posterior  columns,  where  they  are  raised  up  by  their  two  nuclei  and 
surround  the  central  canal.  They  cross  on  the  ventral  side  of  the  canal 
at  an  acute  angle,  and  take  up  their  position  on  the  dorsal  side  of  the 

pyramids  in  the  lemniscus  layer  (Lm). 

The  crossing  of  the  fillet  occurs  immediately  to  the  dorsal  side  of  the 
crossing  of  the  pyramids,  so  that  in  adult  brains  it  is  impossible  to  see 
a boundary  between  the  two ; whereas  in  the  embryo  the  fillet-bundle  is 
recognisable  by  its  early  myelination.  The  crossing  of  the  fillet  might  be 

termed  the  sensory  or  upper  pyramid-crossing. 

The  tract  occupied  by  the  crossing  of  the  pyramids  and  fillet  increases 
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steadily  in  its  dorso-ventral  extension  as  the  brain  is  approached,  becoming 
at  the  same  time  narrower.  For  a long  distance  its  median  diameter  is  the 
greatest,  and  it  hence  appears  as  a fusiform  area  in  section.  All  the  way 
up  to  the  third  ventricle  the  median  plane  of  the  brain-stem  is  occupied  by 
fibres  which  cross  one  another  at  an  acute  angle,  but  the  area  in  which  this 
decussation  occurs  is  reduced  to  a vertical  plate,  termed  the  raphe,  Ra,  the 
dorsal  edge  of  which  abuts  upon  the  central  canal.  The  fibres  which  cross 
at  the  most  acute  angle  must,  therefore,  run  almost  straight  forwards ; they 
are  known  as  the  fibrse  recta?  of  the  raphe.  Separate  fasciculi  often  diverge 
from  the  raphe  and  run  in  the  same  direction  some  way  into  the  substantia 
reticularis  alba. 

In  the  following  sections  the  smaller  groups  of  grey  substance  which 
constitute  the  nuclei  funiculi  gracilis  et  cuneati  widen  out,  so  that  they 
make  on  the  surface  noticeable  swellings  ; in  the  fasciculus  gracilis  the 
swelling  is  the  cause  of  the  formation  of  the  clava;  in  the  fasciculus 
cuneatus,  the  tuberculum  cuneatum  is  the  external  expression  of  the  grey 
nucleus.  The  concentric  fibres  which  before  took  part  in  the  crossing  of 
the  fillets,  now  constitute  thin  bundles,  all,  or  almost  all,  of  which  come 
from  the  posterior  columns.  Hence  the  radius  of  curvature  of  the  outer 
arcuate  fibres  becomes  constantly  greater,  and  the  portion  of  the  medulla 
lying  on  the  ventral  side  of  the  central  canal  is  traversed  by  these  bundles 
in  a characteristic  manner. 

As  these  arching  fibres  no  longer  have  the  same  meaning  as  the  crossing 
of  the  fillets  in  a strictly  literal  sense,  we  simply  call  them  fibrse  arcuatse 
intcruse  (fat).  They  traverse  the  substantia  reticularis  grisea,  cross  the 
roots  of  the  hypoglossus,  XII,  now  become  more  distinct,  and  divide  this 
region  into  a number  of  little  fields. 

Only  a few  nerve-cells  are  scattered  on  the  mesial  side  of  the  hypo- 
glossal roots.  This  region,  which  extends  dorsally  to  the  level  of  the 
central  canal,  consists  almost  entirely  of  medullated  fibres,  and  is  termed 
the  substantia  or  formatio  reticularis  alba  ( Sra ) or  mesial  field  of  the 
formatio  reticularis.  We  may  assume  that  the  ventral  part  of  the  sub- 
stantia reticularis  alba,  which,  in  its  dorso-ventral  extension,  roughly 
corresponds  to  the  olivary  nuclei  (now  just  coming  into  view),  is  derived 
from  the  crossing  of  the  fillets.  Hence  its  name  of  lemniscus,  or  inter- 
olivary  tract.  The  dorsal  part,  however,  which  lies  nearest  to  the  central 
canal,  is  chiefly  formed  from  the  ground-bundle  of  the  anterior  column. 

Numerous  large  cells,  analogues  of  the  cells  of  the  anterior  horn  (or,  as 
some  would  have  it,  of  those  of  the  lateral  horn),  are  scattered  about  the 
substantia  reticularis  grisea;  a formation  which  we  may  look  upon  as 
derived,  to  a certain  extent,  from  the  anterior  horn.  In  certain  places  the 
cells  are  united  into  compact  clumps  of  grey  substance.  The  groups  of 
large  cells  which  lie  midway  between  the  periphery  and  the  central  canal, 
before  it  opens  out  into  the  fourth  ventricle  in  the  lateral  portion  of  the 
medulla,  are  described  as  constituting  the  nucleus  ambiguus,  Na  (motor 
vago-glossopharyngeal  nucleus),  figs.  135,  136,  137.  By  far  the  largest  of 
these  cells,  especially  those  which  can  be  more  clearly  seen  in  sections 
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nearer  the  brain,  occupy  an  area  lying  laterally  to  the  roots  of  the  hypo- 
glcssus  and  behind  the  olives.  They  are  not  reproduced  in  the  illustrations, 
as  they  never  form  connected  groups ; but  they  are  sometimes  found  quite 
separate  from  the  nucleus  ambiguus,  and  therefore  deserve  a distinctive 
name.  Perhaps,  with  Roller , we  might  call  them  nucleus  lateralis  medius. 

It  is  well  to  distinguish  from  this  nucleus  the  numerous  separated 
masses  of  medium-sized  cells  which  lie  nearer  the  periphery  on  the  ventral 
side  of  the  spinal  root  of  the  trigeminus,  constituting  the  ‘nuclei  of  the 
lateral  column.’ 

Here  we  must  again  distinguish  a fairly  compact  group  of  large  cells 
lying  close  against  the  spinal  root  of  the  trigeminus  on  its  ventral  side. 
From  this  group  (which  Kolliker  supposes  to  belong  to  the  nervus  acces- 
sorius) thick  fibres  originate,  and  can  be  followed,  often  in  a conspicuous 
bundle,  for  some  distance  dorso-mesially.  This  group  may  be  designated 
nucleus  lateralis  dorsalis  (posterior). 

The  dorsal  boundary  of  the  pyramid  is  now  formed,  in  its  middle 
portion  at  any  rate,  by  a long  transversely-disposed  grey  mass  which  is 
soon  joined  at  an  angle  of  100°  to  120°  by  a shorter  sagittally  disposed 
limb,  Oaa  (nucleus  of  the  pyramid,  anterior  olive),  figs.  135  and  136.  The 
sagittal  piece  (antero-posterior  with  regard  to  the  sections)  has  a greater 
extension  brainwards  than  the  horizontal  limb  (which  lies  transversely  in 
the  sections). 

In  a section  intermediate  between  those  represented  in  figs.  134  and 

135,  the  nucleus  of  the  pyramid  and  the  nucleus  of  the  lateral  column  lie 
very  close  together.  A little  farther  forward  a very  characteristic  forma- 
tion of  grey  matter,  the  olive,  No  (nucleus  olivaris),  insinuates  itself 
between  them.  The  olive  (figs.  135  to  139)  appears  in  cross-section  as  a 
much-folded  dentate  band  curved  upon  itself  with  the  convexity  to  the 
outer  side,  where  it  produces  on  the  surface  a well-marked  swelling 
ordinarily  known  as  the  olive  (or  olivary  body,  also  inferior  olive),  Oi , figs. 

136,  137,  138. 

At  the  periphery  of  the  sections  various  tracts  of  fibres  are  cut  in  the 
direction  of  their  length;  tracts,  therefore,  which  have  a more  or  less 
horizontal  course.  These  are  the  arcuate  fibres  (fibra)  arcuatse,  sen 

arciformes  externa;),  fae.  They  have  various  sources  of  origin.  Many  of 
them  curl  round  the  pyramid  to  join  at  the  bottom  of  the  anterior  fissure 
with  the  raphe.  Often,  again,  one  or  other  of  the  fasciculi  pierces  the 
pyramidal  bundles,  and  traverses  them  in  an  arch  of  varying  width.  On 
the  other  hand,  we  meet  with  bundles,  especially  at  the  higher  levels, 
which  arise  from  the  raphe  and  run  parallel  with  the  arcuate  fibres,  but 
finally  enter  the  pyramids  and  are  absorbed  in  them. 

On  the  ventral  side  (and  in  parts  of  the  lateral  side)  of  the  pyramids, 
certain  clumps  of  grey  matter  develop  in  the  arciform  fibres,  about  the 
level  at  which  the  convolutions  of  the  olive  are  first  seen  in  cross-section ; 
the  largest  of  these  is  in  human  brains,  triangular  and  very  strongly 
developed,  the  nucleus  arcuatus  triangularis,  nar  (anterior  nucleus  of  the 
pyramid,  one  of  the  small  pyramidal  nuclei  of  Stilling ),  figs.  135,  136,  137. 
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The  number  of  these  groups  of  cells,  which  we  shall  term  nuclei  arcuati, 
increases  brainwards,  especially  on  the  mesial  side  of  the  pyramids,  and  at 
last  they  go  over  into  the  nuclei  of  the  raphe  or  into  those  great  collections 
of  grey  matter  which  we  shall  come  to  know  later  on  as  the  nuclei  of  the 
pons.  The  fibne  arcuatse  externa)  receive  a considerable  addition  from  the 
nuclei  of  the  lateral  columns,  especially  from  the  nucleus  lateralis  anterior. 
This  streaming  of  the  fibra)  arcuata)  towards  the  nucleus  lateralis  is  helpful 
in  finding  the  latter  group  of  cells,  which  is  not  very  well  defined. 

Superficial ly-situated  tracts  of  fibres  are  also  found  in  figs.  135  and  136 
in  the  dorsal  portions  of  the  sections.  For  the  most  part  these  belong  to 
the  direct  (lateral)  cerebellar  tract  which  (passing  the  now  quickly-growing 


fig.  136.  Cross-section,  fig.  131,  e. — Cscr,  Calamus  scrip  tori  us ; Ob,  obex;  nX,  sen- 
sory nucleus  of  vagus  ; A",  vagus  ; Crst,  corpus  restiforme  ; X,  fibra*  arcuatse  from 
the  most  external  part  of  the  nuclei  of  the  posterior  column  ; Oi,  olivary  eminence. 

spinal  root  of  the  trigeminus,  Fa),  comes  into  contact  with  the  posterior 
column,  and  completely  gives  up  its  position  in  the  lateral  column. 

The  substantia  gelatinosa  Rolandi,  Sgl,  diminishes  in  amount  as  rapidly 
as  the  spinal  root  of  the  trigeminus  grows ; but  it  is  to  be  recognised  ns 
the  companion  of  the  root  of  the  trigeminus,  on  the  concave  mesial  border 
of  which  it  lies  as  far  as  the  point  of  entrance  of  this  nerve. 

A small  round  bundle,  lying  on  either  side  of  the  central  canal  in  the 
sections  through  these  planes,  is  still  to  be  described.  Farther  forwards  it 
becomes  a conspicuous  isolated  tract,  round  in  cross-section,  the  spinal  root 
of  the  glossopharyngeal,  IXa  (figs.  135  to  139).  From  the  beginning 
right  up  to  the  cerebral  end  this  bundle  is  easily  recognised  bv  the 
characteristic  loop  of  nerve  fibres  (fibra)  suprareticulares)  which  surrounds 
it  on  all  but  the  ventral  side. 

If  the  section  falls  not  far  above  the  level  at  which  the  central  canal 
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opens  out  into  the  fourth  ventricle  (fig.  136)  at  the  calamus  scriptorius 
( Cscr),  the  following  points  will  be  noticed: — The  grey  matter  which  lies 
dorsally  to  the  central  canal  is  pushed  as  the  cleft  opens  to  the  outer  side, 
being  displaced  farther  and  farther  outwards  as  the  floor  of  the  fourth 
ventricle  becomes  flatter,  while  the  grey  matter  of  the  anterior  horn, 
which  lay  on  the  ventral  side  of  the  canal,  travels  upwards  and  comes  to 
occupy  the  mesial  portion  of  the  floor  of  the  fourth  ventricle. 

The  only  remains  to  be  found  of  the  embryonal  roof  of  the  fourth 
ventricle  are  certain  little  plates  of  tissue  (varying  in  form  and  develop- 
ment in  different  individuals),  which  are  enclosed  in  pia  mater,  and  rest 


Pol 


Fig.  137.— Cross-section,  fig.  131,  f.—Pol,  Ponticulus;  V/h  fourth  ventricle;  Villa , 
spinal  root  of  auditory  nerve ; in,  white  matter  covering  the  chief  nucleus  of  the 
hypoglossal  nerve  ( NXII) ; NXII',  small-celled  nucleus  of  hypoglossal  nerve  ; Nft, 
nucleus  funiculi  teretis  ; X,  accession  to  the  restiform  body  ( Crst ) of  fibres  from  the 
fibne  arcus  tic  intern®  ; Spo,  sulcus  postolivaris. 

against  the  fasciculus  gracilis  with  their  free  borders  directed  towards  the 
inner  side  ( rf . p.  68).  An  inconstant  platelet  [of  white  matter]  which  fills 
in  the  angle  between  the  diverging  fasciculi  graciles  is  known  as  the  obex, 
Ob,  fig.  136.  The  symmetrical  plates  in  front  of  this  are  the  ponticuli,  pol 
(alse  pontis),  fig.  137. 

The  small  collections  of  grey  matter  which  we  have  learnt  to  know  as 
the  nuclei  of  the  fasciculus  gracilis  and  fasciculus  cuneatus  become  con- 
stantly smaller.  Their  place  is  taken  by  a quickly-growing  conspicuous 
and  fissured  field  of  fibres,  the  corpus  restiforme,  Crst,  with  which  the 
lateral  cerebellar  tract  blends.  The  restiform  body  slopes  obliquely 
upwards  and  forwards  around  the  outer  side  of  the  spinal  root  of  the 
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trigeminus.  Only  by  cmbryological  investigations  can  we  make  out  the 
complicated  elements  out  of  which  the  restiform  body  is  built  up ; atten- 
tion must  bo  called,  however,  to  the  considerable  mass  of  fibres  which 
passes  on  the  mesial  side  of  the  substantia  gelatinosa  and  spinal  loot  of 
the  trigeminus  to  join  the  restiform  body,  the  fibrre  arcuatre  internro 
latcrales,  X ( figs.  136  and  137). 

By  this  time  the  olive  has  reached  its  greatest  development,  and  is 
more  conspicuous  than  anywhere  else  from  the  surface.  On  the  dorsal  side 
of  the  olive  proper  an  extended  grey  mass  has  made  its  appearance  in  the 
formatio  reticularis,  the  upper  or  outer  accessory-olive,  Oae  (nucleus 
olivaris  accessorius  exteruus  seu  superior),  figs.  135  to  138. 

The  roots  of  the  hypoglossal  nerve,  XII,  which  spring  from  large  nerve- 
cells,  NXII  (hypoglossal  nucleus  or  chief  nucleus),  situate  for  the  most 
part  in  the  median  grey  matter  in  the  floor  of  the  fourth  ventricle,  are 
now  at  their  greatest  development  (figs.  136  and  137).  They  make  a 
sharp  boundary  between  the  substantia  reticularis  alba  and  substantia 
reticularis  grisea,  and  course  for  the  most  part  between  the  sagittal  limb 
of  the  pyramidal  nucleus  ( Oan ) and  the  olivary  nucleus  (No).  Often  they 
seem  to  be  connected  with  the  latter ; in  reality  they  only  cross  through  it 
or  run  within  it  for  a certain  distance  downwards  towards  the  cord,  and 
then  bend  horizontally  and  come  out  in  the  furrow  between  the  olive  and 
the  anterior  pyramid.  The  principal  nucleus  of  the  hypoglossal  is  still 
separated  from  the  surface  of  the  sinus  rhomboidalis  by  a layer  of  fine 
medullated  fibres,  disposed  for  the  most  part  in  a longitudinal  direction. 
On  the  mesial  edge  of  the  hypoglossal  nucleus,  and  still  more  on  its 
lateral  edge,  the  cross-section  of  this  white  column  assumes  the  shape  of  a 
club,  m (fig.  137).  These  fibres  (the  dorsal  longitudinal  tract  of  Schiitz) 
give  to  the  hypoglossal  triangle  on  the  floor  of  the  fourth  ventricle  its 
striking  white  colour.  Close  beneath  the  ependyma  and  very  near  the 
raphe  a small  group  of  nerve-cells  is  cut  through,  known  as  the  nucleus 
funiculi  teretis,  seu  emiuentim  teretes  or  nucleus  medialis,  Nft  (figs.  134 
to  141). 

Two  groups,  not  always  clearly  defined,  may  be  distinguished  in  the 
lateral  part  of  the  grey  floor  of  the  fourth  ventricle,  NX  (Holm).  The 
dorsal  group  consists  of  small  cells,  the  ventro-mesial  of  large  ones.  The 
dark  pigmented  cells  which  lie  scattered  along  the  periphery  also  deserve 
mention.  Other  tracts  of  fibres,  less  considerable  than  the  roots  of  the 
hypoglossus,  radiate  outwards  from  these  groups.  Not  equally  visible  in 
all  sections,  they  pass  ventrally  to  the  ascending  root  of  the  glossopharyn- 
geal through  the  substantia  reticularis  grisea,  and  usually  pierce  in  a very 
striking  manner  the  spinal  root  of  the  trigeminus  Va  (figs.  137  and  138). 
These  are  the  root-fibres  of  the  vagus  and  glossopharyngeal  nerves ; the 
grey  mass  from  which  they  spring  is  therefore  the  vago-glossopharyngeal 
nucleus  or  dorsal  vagus  nucleus.  A number  of  fibres  originate  in  the 
nucleus  ambiguus,  Na,  or  group  of  large  cells,  which  lies  in  the  substantia 
reticularis  grisea ; first  passing  dorsally,  many  of  them  arch  over  and  join 
the  glossopharyngeal  and  pneumogastric  roots.  These  groups  of  cells  may 
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be  looked  upon  as  the  motor  nuclei  of  IX  and  X.  Other  fibres  from  these 
nuclei  incline  medianwards  towards  the  raphe. 

Sections  farther  forward  (figs.  138  and  139)  differ  in  shape  from  those 
already  described  owing  partly  to  the  flattening  out  of  the  broader  floor 
of  the  ventricle  and  partly  to  the  constant  increase  in  size  of  the  corpus 
restiforme  which  rises  up  above  its  dorso-lateral  margin.  The  last  traces 
of  the  posterior  columns  disappear. 

At  the  level  at  which  the  root-fibres  of  the  hypoglossal  first  disappear 
from  the  section,  the  spinal  glossopharyngeal  root,  IXa  (fig.  138),  seems  to 
bend  horizontally  outwards  to  make  its  exit  parallel  with  the  other  root- 
fibres  of  the  glossopharyngeal  nerve.  It  is  much  the  strongest  bundle  of 
root-fibres  belonging  to  this  nerve,  and  pierces  the  spinal  root  of  the  fifth, 


Fig.  138. — Transverse  section,  fig.  131,  g. — Stm,  Strife  medullares  sen  acusticse  ; VHIh, 
chief  auditory  nucleus ; IX,  nervus  glossopharyngeus ; nIX,  glossopharyngeal 
nucleus  ; Flp,  fasciculus  longitudinalis  posterior  ; Ncti,  nucleus  centralis  inferior. 


reaching  the  periphery  on  the  ventral  side  of  the  corpus  restiform,  Crst. 
Gelatinous  substance  is  present  in  varying  amount  along  the  whole  course 
of  the  spinal  glossopharyngeal  root,  and  is  collected  in  a somewhat  larger 
body  at  the  bend.  This  is  the  glossopharyngeal  centre  of  Roller.  The 
nucleus  ambiguus  is  still  visible  as  the  starting-point  of  glossopharyngeal 
fibres ; and  the  cells  of  the  nucleus  lateralis  are  often  very  conspicuous  on 
the  dorsal  side  of  the  superior  olive. 

By  this  time  the  hypoglossal  nucleus  has  disappeared  from  the  floor  of 
the  fourth  ventricle ; only  the  last  remnants  of  the  nuclei  of  vagus  and 
glossopharyngeal  are  left;  but  a great  triangular  grey  field  occupies  the 
greater  part  of  the  region  below  the  fourth  ventricle,  the  apex  of  which  is 
directed  towards  the  middle  line ; this  is  the  ‘ chief  ’ nucleus  of  the  auditory 
nerve,  VJIIli.  The  commencement  of  this  nucleus  might  have  been  looked 
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for  in  fig.  137,  in  the  region  which  extends  from  NX  laterally  as  far  as 
Villa.  As  it  grows  in  size  it  presses  the  nuclei  of  IX  and  X downwards 
into  the  substance  of  the  medulla,  and  at  last  when  the  chief  nucleus  of 
XII  gives  way  to  it,  it  extends  itself  inwards  as  far  as  the  middle  line. 
Between  the  auditory  nucleus  and  the  corpus  restiforme  is  seen,  in  addition 
to  the  remains  of  the  funiculus  cuneatus  (fig.  137),  a nearly  rectangular 
area  of  medullated  fibres,  transversely  cut,  embedded  in  a network  of  grey 
matter  called  the  spinal  root  of  the  auditory  nerve  (figs.  137  to  140). 
Other  bundles  of  fibres  of  varying  thickness,  which  pass  close  under  the 
floor  of  the  fourth  ventricle  over  the  restiform  body,  also  belong  to  the 
auditory  nerve,  the  striae  medullares,  Stm. 

In  the  course  of  the  striae  medullares  are  usually  embedded  larger  or 
smaller  masses  of  grey  matter  which  sometimes  make  considerable  eminences 
in  the  neighbourhood  of  the  corpus  restiforme  (taeniola  cinerea,  tuberculum 
acusticum).  When  the  striae  medullares  are  well  developed  it  is  easy  to  see 
that  the  majority  of  their  fibres,  just  before  reaching  the  middle  line,  bend 
ventrally,  descending  towards  the  pyramid  in  the  outer  margin  of  the  raphe. 
In  fig.  138  this  is  only  shown  to  a small  extent,  at  the  spot  where  the 
letters  Nft  are  placed. 

No  great  change  in  the  cross-section  of  the  pyramids  or  of  the  substantia 
reticularis  grisea  and  alba  is  exhibited  by  fig.  138.  In  the  substantia 
reticularis  alba,  however,  we  begin  to  see  a distinction  between  its  most 
dorsally  situate  longitudinal  fibres,  Flp,  which  lie  close  to  the  floor  of  the 
fourth  ventricle  and  the  most  ventral  fibres,  Lm.  This  distinction  is  due 
to  the  increasing  rarity  of  the  fibres  in  the  intervening  region  and  the 
accumulation  in  their  place  of  grey  substance,  intercalated  between  the 
longitudinal  and  transverse  fibres.  This  grey  matter,  nucleus  centralis  of 
Roller , Ncti  (nucleus  centralis  inferior),  is  not  sharply  marked  off  from  the 
substantia  reticularis  grisea. 

The  smaller  division  of  longitudinal  fibres,  derived  in  part  from  the 
ground-bundle  of  the  anterior  column,  retains  its  position  close  up  against 
the  raphe  throughout  the  whole  of  the  floor  of  the  fourth  ventricle  and  the 
aqueduct  of  Sylvius.  It  is  known  as  the  posterior  longitudinal  bundle,  Flp 
(fasciculus  lougitudinalis  posterior).  The  larger  ventral  collection  of  fibres 
— the  continuation  upwards  of  the  inter-olivary  layer — constantly  changes 
its  position  in  a manner  to  be  presently  described. 

In  sections  cut  just  below  the  pons,  which  may  be  regarded  in  the 
ascent  of  the  system  as  the  last  sections  of  the  after-brain,  the  upper  con- 
volutions only  of  the  olive,  No,  are  to  be  seen  ; the  transverse  diameter  of 
the  pyramids,  Py,  is  now  a little  less,  but  their  dorso-ventral  diameter  is 
proportionally  greater.  The  triangular  nucleus  of  the  auditory  nerve, 
VII Ik,  retains  the  same  relation  as  before  to  the  spinal  roots  of  this  nerve, 
Villa,  and  of  the  trigeminus,  Va,  as  well  as  to  the  restiform  body.  The 
restiform  body  is  surrounded  more  obviously  than  in  fig.  138  by  great 
bundles  of  fibres  which,  although  they  belong  to  the  auditory  nerve,  are, 
nevertheless,  not  to  be  looked  upon  as  root-fibres ; rather  they  constitute  a 
connection  with  the  great  brain  of  the  accessory  auditory  nucleus  soon  to 
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be  described.  Formerly  they  were  described  as  constituting  the  lateral 
root  of  the  auditory  nerve,  but,  for  the  most  part,  this  name  can  only  pro- 
pul^  be  applied  to  the  compact  bundle  of  fibres  visible  on  the  ventral  side 
of  the  accessory  nuclei,  next  to  be  described.  The  mesial  root  courses  down 
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between  the  restiform  body  and  the  spinal  trigeminal  root.  As  well  in  the 
angle  between  the  mesial  and  so-called  lateral  roots  as  on  the  inner  and 
outer  sides  of  the  conjoined  roots  appear  collections  of  grey  matter,  the 
accessory  nucleus  of  the  auditory,  VUIac ; >tjie  auditory  roots  are  especially 
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characterised  by  their  richness  in  nerve-cells.  Out  of  the  accessory  nucleus 
scattered  bundles  of  fibres  course  transversely  towards  the  median  line  ; 


they  belong  to  the  corpus  trapezoides,  Tr,  which  only  attains  to  its  full 
development  in  sections  higher  up  the  axis. 

The  separation  between  the  posterior  longitudinal  bundle  and  the  fillet 
effected  by  the  nucleus  centralis  inferior,  Ncti,  becomes  increasingly  distinct. 
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After  the  nucleus  of  the  lateral  column  has  disappeared  the  groups  of  cells, 
which  already  in  posterior  sections  formed  the  motor  nuclei  of  the  vagus 
and  glossopharyngeal  nerves,  increase  considerably  in  size,  little  masses  of 
grey  substance,  circular  and  well-defined,  make  their  appearance,  and,  as 
soon  as  the  last  fibres  of  these  two  nerves  have  been  supplied  with  cells, 
other  fine  fibres  belonging  to  another  motor  nerve,  the  facial,  take  their 
place  and  are  seen  coursing  dorsally  and  medianwards.  This  is  the  lower 
end  of  the  facial  nucleus,  NVII,  which  is  nothing  more  than  the  continua- 
tion of  the  nucleus  ambiguus,  and,  therefore,  indirectly  of  the  cells  of  the 
anterior  horn  [or  of  the  lateral  horn]. 

If  our  sections  are  carried  through  the  brain  in  more  anterior  planes, 
they  take  the  form  of  rings,  the  ventral  half  of  each  of  which  is  formed  by 
the  pons,  the  dorsal  half  by  the  cerebellum.  Through  the  ring  thus  formed, 
and  in  organic  connection  with  its  lower  half,  extend  most  of  the  structures 
hitherto  described  as  taking  part  in  the  formation  of  the  after-brain.  It 
is  manifest  that  the  corpora  restiformia,  which  are  columns  of  fibres 
destined  for  the  cerebellum,  are  excluded  from  this  ring.  It  is  distinctive 
of  the  pyramids  in  this  region  that  they  intertwine  with  the  fibres  of 
the  pons.  In  examining  the  human  brain  it  is  better  to  cut  off  the  cere- 
bellum before  hardening,  leaving  only  the  lingula  iu  connection  with  the 
bracliia  pontis.  In  monkeys  and  small  animals  the  cerebellum  may  be  cut 
in  the  same  sections  as  the  pons  (see  fig.  1G).  Hence  we  exclude  the 
cerebellum  at  present  from  this  description,  and  treat  it  subsequently  by 
itself. 

The  most  conspicuous  difference  between  a section  through  this  region 
(fig.  140)  and  sections  through  the  after-brain  is  due  to  the  appearance  of 
the  pons,  Po. 

The  pons  takes  the  form  of  - great  bundles  of  white  fibres  which  start  in 
the  cerebellum,  and  running  transversely  across  the  middle  line  enclose 
amongst  them  irregular  masses  of  grey  substance,  the  nuclei  pontis. 

Every  section  through  the  pons  is  divided  into  two  quite  distinct 
portions — one  ventral,  the  other  dorsal.  The  latter  contains  the  con- 
tinuation upwards  of  the  structures  of  the  hind-brain  with  the  exception  of 
the  pyramids  and  the  corpus  restiforme ; the  ventral  half  contains,  in  addi- 
tion to  the  proper  formation  of  the  pons,  the  continuation  upwards  of  the 
pyramids,  Py.  The  dorsal  portion  may  well  be  called  the  tegmental  field, 
since  most  of  its  longitudinal  fibres  appear  later  in  the  tegmentum  of  the 
crus  cerebri. 

In  figs.  140,  141,  and  143,  an  artificial  boundary  between  the  cerebellum 
and  the  pons  is  traced.  The  chief  nucleus  of  the  auditory  nerve,  VIIIli, 
already  diminished  in  size,  still  lies  beneath  the  floor  of  the  ventricle ; to 
its  outer  side  the  reticular  formation  of  the  spinal  auditory  root,  Villa, 
has  become  thicker,  and  is  distinguished  in  many  animals  more  than  in  Mail, 
by  conspicuous  large  multipolar  cells ; this  region  is,  therefore,  known  as  the 
large-celled  nucleus  of  the  auditory  nerve  (Deitcrs’  nucleus).  The  mesial 
auditory  root,  Vlllm,  is  seen  to  proceed  from  the  region  of  the  large-celled 
nucleus  and  the  lateral  and  ventral  angle  of  the  chief  nucleus,  between  the 
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corpus  restiforme,  Crst,  and  the  spinal  root  of  the  trigeminus,  \ a,  taking 
its  exit  at  the  lateral  part  of  the  pons.  The  accessory  nucleus,  VUIac, 
lies  on  the  couvexity  of  the  corpus  restiforme,  and  is  traversed  a little  to 
the  ventral  side  of  this  by  the  lateral  root,  VIIIl.  The  transverse  fibres 
which  we  have  already  described  as  connected  with  this  group  of  cells  form 
the  largest  part  of  the  corpus  trapezoides,  Tr. 

In  the  lateral  part  of  the  reticular  substance  the  facial  nucleus,  NVII, 
becomes  even  more  distinct.  It  takes  the  form  of  rounded  groups  of  cells, 
from  which  separate  bundles  of  fibres,  Vila , never  united  into  large  tracts, 
wend  their  way  obliquely  in  the  direction  of  the  dorsal  surface  and  mid-line, 
towards  the  posterior  longitudinal  bundle,  as  it  seems.  As  they  run  at  the 
same  time  somewhat  forwards,  it  is  only  in  later  sections  that  we  shall  be 
sure  that  we  have  to  do  with  the  fibres  of  origin  and  the  nucleus  of  the 
facial  nerve.  In  the  same  section  we  see  these  same  fibres  traversing  the 
pons  obliquely  near  its  margin,  Vile,  close  to  the  inner  side  of  the  spinal 
root  of  the  fifth  nerve,  but  this  time  in  the  form  of  a compact  bundle.  The 
roots  of  the  facial  and  trigeminal  nerves  towards  their  exit  are  distinguished 
by  their  course,  the  one  on  the  mesial,  the  other  on  the  lateral  side  of  the 
spinal  root  of  the  fifth. 

While  in  the  most  distal  section  through  the  region  of  the  pons  all  the 
fibres  of  the  pons  surround  the  pyramids  on  their  ventral  side,  we  find  in 
sections  farther  brainwards  that  scattered  bundles  of  fibres  and  masses  of 
grey  substance,  as  well  as  the  fillet,  insinuate  themselves  between  them. 
Farther  forward  still,  scattered  clumps  of  grey  matter  are  found  embedded 
amongst  the  hitherto  compact  bundles  of  the  pyramid  ; and,  lastly,  the 
farther  forwards  we  make  our  sections,  the  more  horizontal  fibres  do  we 
find  interlacing  with  the  bundles  of  the  pyramid,  as  vrell  as  lying  to  their 
dorsal  side.  The  tracts  wThich  lie  on  the  ventral  side  of  the  pyramid 
may  be  designated  superficial  bundles  of  the  pons  (stratum  superficiale 
pontis),  those  on  its  dorsal  side,  deep  bundles  (stratum  profundum 
pontis),  and  those  which  traverse  it,  middle  (or  piercing)  fibres  (stratum 
complexum). 

In  animals  the  pons  is  much  less  strongly  developed  than  in  Man. 
Consequently  we  find  in  the  former,  as  a rule,  that  a considerable  portion 
of  the  corpus  trapezoides  is  left  uncovered,  and  appears  Superficially  on  the 
ventral  side  of  the  medulla  as  a somewhat  trapezoidal  area,  which  occupies 
the  whole  space  behind  the  pons  and  between  the  ventral  margins  of  the 
cerebellum ; [part  of  the  corpus  trapezoides  runs  over  and  part  under  the 
pyramids]. 

In  the  section  shown  in  fig.  140  a number  of  fairly  thick  bundles  of 
coarse  fibres,  VI,  are  to  be  remarked,  which  cross  the  tegment  in  a dorso- 
veutral  direction,  piercing  also  the  fillet,  the  corpus  trapezoides,  and  the 
pyramid.  Neither  their  beginning  nor  their  end  are  shown  in  this  section. 
These  are  the  fibres  of  the  nervus  abducens,  the  nucleus  of  origin  of  which, 
lying  near  the  great  brain,  will  be  seen  in  fig.  141  ; while  its  exit  from  the 
medulla  just  behind  the  pons  would  be  shown  in  a section  taken  between 
figs.  139  and  140,  but  not  here  delineated. 

S 


274 


SUPERIOR  OLIVE. 

Between  the  facial  nucleus  and  the  roots  of  the  sixth  nerve  is  situated  a 
somewhat  ill-defined  body  of  about  the  size  of  the  facial  nucleus,  the  superior 
olive,  Nos.  The  superior  olive  descends  almost  into  the  corpus  trapezoides, 
and  presses  its  slender  bundles  close  together.  The  appearance  of  this  cup 


in  which  the  superior  olive  lies  helps  us  to  recognise  the  body.  The  nerve- 
cells  scattered  about  in  the  corpus  trapezoides  make  up  the  nucleus  corporis 
trapezoidis,  Ntr.  The  fibres  of  the  corpus  trapezoides  pierce  the  fillet  in 
slender  bundles  and  reach  the  raphe. 


141.— Transverse  section,  fig.  131  k.—VHb,  Spinal  root  of  facial  nerve  ; x,  accession  of  crossed  fibres 
to  tlie  nervus  facialis  ; NVI,  nucleus  of  nervus  abducens  ; Nrtg,  nucleus  reticularis  tegmenti. 
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Dorsal  to  the  fibres  of  the  pons  lie  a number  of  structures  which  we 
have  already  studied,  but  may  with  advantage,  recapitulate.  In  addition 
to  the  transverse  trapezoidal  fibres,  we  find,  in  order  from  the  middle  line 
outwards:— (1)  The  raphe,  (2)  the  fillet,  (3)  the  roots  of  the  nervus 
abducens,  (4)  the  nucleus  trapezoidcs,  (5)  the  superior  olive,  (6)  the 
nucleus  nervi  facialis,  (7)  the  issuing  fibres  of  the  trigeminal  nerve,  (8)  the 
spinal  root  of  the  trigeminal,  (9)  the  mesial  root  of  the  auditory,  (10)  the 
restiform  body,  (11)  and  (12)  the  lateral  root  of  the  auditory  nerve  with 
the  accessory  nucleus  of  the  same. 

On  the  mesial  border  of  the  superior  olive  is  found  a small  tract  of 
fibres  cut  transversely,  the  central  tegmental  tract,  cH  ( Bechterew  and 
Flechsig).  It  is  not,  as  a rule,  sharply  defined.  Its  fibres  are  supposed  to 
take  origin  in  the  inferior  olive. 

In  the  next  section  (fig.  141)  the  fillet,  which  lies  just  dorsal  to  the 
fibres  of  the  pons,  is  broader,  its  dorso-ventral  diameter  being  diminished  to 
a corresponding  extent.  It  is  traversed  in  the  manner  already  described  by 
the  fine  bundles  of  the  corpus  trapezoides. 

In  this  section,  as  in  all  those  behind  it,  fibrte  arcuatae  are  seen  curving 
through  all  parts  of  the  tegmental  region,  from  the  pons  fibres  right  up  to 
the  floor  of  the  fourth  ventricle.  They  traverse  the  posterior  longitudinal 
bundle,  Flp,  in  their  course  towards  the  raphe. 

One  must  be  careful  to  avoid  confounding  with  the  posterior  longi- 
tudinal bundle  a medullated  nerve,  Vllb,  which  for  a time  finds  its  place 
between  it  and  the  surface  of  the  ventricle.  This  nerve,  the  ascending 
limb  of  the  root  of  the  facial  nerve,  is  easily  distinguished  from  the  pos- 
terior longitudinal  bundle  by  the  fact  that  it  is  not  traversed  by  fibraj 
arcuatae.  It  is  also  better  defined.  Most  of  the  fibres  arising  from  the 
facial  nucleus,  which  is  already  much  diminished  in  size,  incline  at  first 
towards  the  raphe,  applying  themselves  gradually  to  the  nerve-root  as 
it  lies  beneath  the  floor  of  the  ventricle  close  to  the  middle  line,  while 
at  the  same  time  they  assume  a longitudinal  direction. 

In  this  section,  too,  we  see,  for  a greater  distance,  the  descending  limb, 
Vile,  of  the  root  of  the  facial  nerve,  laterally  to  its  nucleus.  So  it  comes 
about  that  the  root  of  the  facial  nerve,  Vila,  b,  c,  is  three  times  met  with 
on  its  course  from  its  nucleus  to  the  surface,  without  the  connection  between 
the  three  pieces  being  visible  in  any  one  section. 

Close  to  the  nucleus  of  the  facial  nerve  in  the  bay  formed  by  the  fibres 
of  the  corpus  trapezoides  lies  the  superior  olive,  which  here  takes  the  form 
of  a narrow,  more  or  less  folded  riband. 

Near  the  olive  the  central  tract  of  the  tegmental  region  is  usually 
but  slightly  marked,  and  next  to  it  the  bundles  of  the  abducent  nerve 
are  conspicuous,  as  they  form  arches  convex  towards  the  raphe  in  their 
passage  towards  a grey  mass,  NVI  (nucleus  nervi  abducentis),  which  lies 
near  the  middle  line,  not  far  below  the  floor  of  the  ventricle.  Owing  to 
their  oblique  direction  spinewards,  the  fibres  of  the  abducens  are  only 
seen  in  one  portion  of  their  course. 

It  should  be  mentioned  that  in  this  section  the  mesial  auditory  root,  the 
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fibres  of  which  take  origin  in  the  large-celled  nucleus,  is  still  to  be  seen 
lying  between  the  spinal  root  of  the  trigeminus  and  the  corpus  restiforme  ; the 
accessory  nucleus  and  the  lateral  root  of  the  auditory  nerve  have,  however, 
disappeared.  The  restiform  body,  as  soon  as  it  is  set  free  from  the  bands 
of  the  lateral  root  of  the  auditory  nerve,  begins  to  sweep  off  into  the 
cerebellum.  Scattered  nerve-cells  belonging  to  the  nucleus  reticularis 
tegmenti,  Nrtg,  are  found  far  down  in  that  portion  of  the  substantia 
reticularis  which  lies  near  the  raphe,  between  the  fillet  and  the  posterior 
longitudinal  bundle. 

In  the  next  section  (fig.  142)  the  nervus  acusticus  is  wanting.  Numerous 
small  masses  of  grey  matter,  composing  the  sensory  nucleus  of  the  tri- 
geminal (which  only  reaches  its  full  development  in  the  section  following), 
are  seen  enclosing  the  fibres  of  the  transversely-divided  nerve.  They  are 
of  irregular,  roundish  shape,  and  are  not  sharply  marked  off  from  the 
substantia  gelatinosa.  In  order  that  the  relation  to  one  another  of  the 


Fig.  142. — Transverse  section  corresponding  to  fig.  131  l ; shows  the  bending 
over  of  the  ascending  limb  of  the  facial  nerve  into  its  issuing  limb. 


issuing  and  ascending  limbs  of  the  facial  nerve  may  be  seen  well,  only  so 
much  of  the  section  as  lies  near  the  floor  of  the  fourth  ventricle  is 
represented  in  the  woodcut.  The  way  in  which  the  root  changes  its  vertical 
for  the  horizontal  direction  is  well  seen,  as  is  also  the  obvious  accession  at 
x of  fibres  from  the  opposite  side. 

We  have  now  reached  the  real  region  of  origin  of  the  trigeminus  (fig. 
143).  The  section  shows  us  the  posterior  longitudinal  bundle,  Flp,  passing 
up  to  the  situation  which  rightfully  belongs  to  it,  beneath  the  floor  of  the 
ventricle.  The  fillet,  Im,  spreads  out  farther  sidewards  until  it  nearly 
touches  the  cerebral  end  of  the  superior  olive.  Laterally  to  the  olive 
lies  the  territory  of  the  trigeminus.  The  clumps  of  gelatinous  substance 
already  noticed  farther  spinewards  in  the  substance  of  the  spinal  trigeminal 
root  are  obviously  more  numerous  and  larger.  They  make  up  the  sensory 
nucleus  of  this  nerve,  NVs.  Fibres  from  this  spot  arc  seen  joining  the 
spinal  root;  other  fibre-bundles i coming  from  the  groups  of  cells  also  join 
the  great  sensory  root  which  traverses  the  crus  pontis  (middle  cerebellar 
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peduncle)  obliquely  ventralwards  and  outwards,  Vs.  In  this  section  and 
also  in  those  farther  forwards,  the  sensory  root  is  cut  obliquely. 


Fig'  w'7fTrnSVer8e  SeCti°D’  fig‘  131  m'-Brcj'  Brachium  conjunctivum  ; Vd,  cerebral 

nucleus  vT\T  ’ ?’•  root  of  trigeminus;  NVs,  sensory  trigeminal 

nucleus , Vs,  sensory  trigemmal  root ; NVm,  motor  trigeminal  nucleus  • Vm 

motor  trigeminal  root ; Nos,  cerebral  end  of  upper  olive  ; Frtg,  tegment  ’ 


On  the  mesial  side  of  the  sensory  nucleus  lies 
of  large  nerve-cells,  NVm,  the  motor  nucleus 


a compact  roundish 
of  the  fifth  nerve. 


group 

From 
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between  the  two  nuclei  a tract  of  fibres  can  be  followed  which  curves 
inwards  towards  the  raphe,  Vx ; this  belongs  to  the  crossed  origin  of  tho 
trigeminus.  A number  of  coarse  fibres,  seen  in  the  section  as  a con- 
spicuously white  tract,  Fro,  lie  up  against  the  ventral  pole  of  the  motor 
nucleus ; this  is  the  part  of  the  motor  root  of  the  nerve  which  originates 
farther  forwards. 

The  trigeminus  receives  a further  accession  of  fibres  which  come  from 
the  neighbourhood  of  the  lateral  angle  of  the  ventricle.  This  bundle  is 
only  seen  in  the  sections  farther  forwards ; the  cerebral  (or,  as  it  used  to  be 
called,  descending)  root  of  the  trigeminus,  Vd.  At  the  lateral  edge  of  the 
section  the  corpus  restiforme  is  seen  passing  into  the  cerebellum ; a great 
cross-cut  field  of  fibres  lies  on  its  inner  side,  in  the  form  of  a curved  club 
(the  upper  part  of  the  club  is  cut  away  in  fig.  143,  but  in  fig.  144  the 
whole  of  it  is  seen).  This  is  the  brachium  cerebelli  ad  cerebrum,  Brcj 
(brachium  conjunctivum,  superior  cerebellar  peduncle),  which  passes 
forwards  from  the  cerebellum,  sinking  into  the  tegmental  region  as  soon  as 
the  trigeminal  nerve  makes  room  for  it. 

As  soon  as  the  facial  and  abducent  nerves  have  disappeared,  the  portion 
of  the  section  which  lies  between  the  raphe  and  the  trigeminus  (formatio 
reticularis  tegmenti,  or  tegmental  region)  begins  to  be  traversed  by  scattered 
arcuate  fibres.  In  subsequent  sections  it  rapidly  diminishes  in  area. 

Although  in  the  following  sections  (figs.  144  to  146)  the  total  cross- 
section  of  the  pons  is  still  of  considerable  size,  owing  to  the  direction  in 
which  it  is  cut,  the  entrance  of  the  brachium  pontis  into  the  cerebellum  is 
no  longer  seen,  consequently  no  artificially  separated  portion  of  the  pons 
appears  on  either  side  in  the  drawings. 

The  mesial  fillet,  Lm,  is  now  (fig.  144)  displaced  towards  the  margin  of 
the  section.  The  brachium  conjunctivum,  Brcj,  the  ventral  point  of  which 
is  distinctly  curved,  has  descended  somewhat  ventrally.  The  fourth 
ventricle  is  fast  narrowing  into  the  aquajductus  Sylvii,  Aq  (figs.  145  to 
148).  For  the  first  time  the  roof  of  the  ventricle  is  represented  by  the 
velum  medullare  anterius,  Vlma,  carrying  the  lingula,  Lng. 

A somewhat  triangular  area  is  left  between  the  pons  and  the  brachium 
conjunctivum.  For  the  most  part  it  is  occupied  with  medullated  fibres, 
Lvd,  which  course  obliquely  dorsalwards,  a small  portion  of  them  entering 
the  velum  medullare  anterius,  while  the  larger  number  can  be  followed 
forwards  to  the  corpora  quadrigemina.  This  is  the  tract  of  fibres  which 
really  constitutes  the  fillet,  as  seen  from  the  outside,  and  it  was  to 
this  that  the  name  was  originally  applied.  Although  it  may  be  looked 
upon  as  fillet,  par  excellence,  it  is  well  to  call  it  the  lateral  fillet,  to 
distinguish  it  from  the  one  which  we  have  followed  upwards  from  the 
spinal  cord.  To  the  latter  we  should  now  apply  the  name  mesial  fillet,  Lm. 
Later  on,  it  will  be  necessary  to  give  some  account  of  various  confusing 
synonyms  applied  to  its  several  parts. 

Certain  little  groups  of  nerve-cells  situated  in  this  triangular  cross-section 
of  the  fillet,  and  probably  serving  to  give  origin  to  some  of  its  fibres  (nuclei 
lemnisci  lateralis,  Nlml),  deserve  attention.  Wedged  in  between  the 
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brachiura  conjunctivum  and  fillet  is  another  group  of  nerve-cells,  to  which 
Kolliker  has  given  the  name  of  nucleus  tegmenti  lateralis. 


Fig'uM4ulTTr/n,TSe  SCCti0n;  % 131  n-~Vlma’  Velum  medullare  anterius  ; L 
nSus^f  laiaTfin'r^  (sU.bfantia  fer™ginea) ; Lml,  lateral  fillet ; ^ 
motoi^root  of^tri^eminus.  ^ ^ r°0t  °f  “ff-ala™  * ? 
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On  the  lateral  side  of  the  posterior  longitudinal  bundle  lies  a group  of 
nerve-cells,  which  owing  to  its  dark  colour,  dark  enough  to  render  it  visible 
to  the  naked  eye,  is  termed  substantia  ferruginea,  seu  locus  cceruleus,  Led; 
although  it  is  perhaps  better  to  restrict  the  term  locus  cceruleus  to  the 
area  in  the  floor  of  the  ventricle,  which  receives  a bluish  colour  from  the 
black  substantia  ferruginea  which  lies  beneath  it  under  a stratum  of  white 
fibres.  [The  cells  of  this  group  are  easily  recognised  as  belonging  to  the 
visceral  column  or  ‘ vesicular  column  ’ of  Clarke,  by  their  well-filled  outlines, 
round  or  oval  form,  and  the  small  number  of  their  processes,  as  well  as  by 
the  closeness  with  which  they  are  packed  together.  Wherever  this  inter- 
mittent column  is  present,  whether  in  the  sacral  or  dorsal  regions  of  the 
cord,  the  nucleus  of  the  vagus,  or  the  substantia  ferruginea,  it  is  impossible 
to  mistake  it  for  groups  of  the  motor  cells  of  skeletal  muscles.]  Dorsaily 
and  laterally  to  the  substantia  ferruginea,  always  occupying  the  vicinity 
of  the  angle  of  the  ventricle,  a narrow  tract  of  fibres,  somewhat  prolonged 
in  the  dorso-ventral  direction,  is  cut  across,  Vd , the  cerebral  (descending) 
root  of  the  trigeminal  nerve. 

The  ft  brae  arcuatae  which  traverse  the  tegmental  region  become  sparser ; 
they  no  longer  pierce  the  mesial  fillet.  Owing  to  the  increasing  depth  of 
the  median  fissure  in  the  floor  of  the  fourth  ventricle,  these  arched  fibres 
arc  constantly  being  driven  farther  ventralwards.  The  fibres  of  the  motor 
root  of  the  fifth,  Vm,  are  still  seen  just  before  their  exit  from  the  lateral 
border  of  the  pons. 

Although  a portion  of  the  pons  is  still  appended  to  them,  the  next 
sections  belong  to  the  mid-brain,  for  they  exhibit  nerves  peculiar  to  this 
region. 

We  have  not  yet,  however,  described  the  cerebellum,  which  belongs  to 
the  hind-brain. 

On  account  of  the  large  size  of  this  organ  in  Man  it  is  convenient  to  make 
sections  of  the  cerebellum  of  the  monkey  instead ; if  the  human  cerebellum 
is  examined,  it  is  well  before  preparing  it  for  cutting  frontally,  to  divide  it 
by  two  sagittal  sections,  one  corresponding  to  the  lateral  edge  of  the  pons, 
and  another  1 to  1£  cm.  away  from  it,  on  the  other  side.  In  this  way  the 
central  nuclei  are  completely  shown  on  the  one  side  and  a sufficient  amount 
of  the  other  side  is  left  to  exhibit  their  relations  and  position.  In  this  place 
we  shall  restrict  ourselves  to  the  consideration  of  a frontal  section  through 
about  the  centre  of  the  cerebellum  of  the  monkey,  dividing  it  close  behind 
the  corpus  trapezoides  (fig.  145).  The  superior  vermis,  Vrsp,  is  seen  in 
the  middle  line,  a number  of  its  convolutions  being  cut  through  one  above 
the  other.  The  inferior  vermis  does  not  reach  so  far  forwards ; the  roof 
of  the  fourth  ventricle,  V4,  is  no  longer  covered  with  cortex.  On  either 
side  lie  the  hemispheres,  H,  divided  into  lobes,  everywhere  covered  with 
cortex. 

Amongst  the  central  masses  of  grey  matter  are  seen — (1)  in  the 
vermis  the  considerable,  somewhat  wedge-shaped  ‘nucleus  of  the  roof,' 
Nt,  its  angle  almost  reaching  the  middle  line ; (2)  in  the  hemispheres  the 
corpora  dentata  cerebelli,  Ndt  (nuclei  dentati,  seu  corpora  rhomboidea), 
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with  their  hila  directed  ventrally  and  mesially.  Nucleus  globosus  and 
nucleus  emboliformis  (of  Man)  are  not  markedly  developed. 

Among  the  tracts  of  white  fibres  certain  bundles  which  lie  dorsally  to  the 
nuclei  of  the  roof  and  cross  one  another  in  the  middle  line,  taking  part  in 
the  formation  of  the  great  commissure,  Co  + , are  especially  conspicuous. 
Certain  of  these  fibres,  however,  dip  down  in  the  middle  line  between  the 
roof  nuclei  and  form  a kind  of  raphe.  They  probably  run  in  a sagittal 
direction  (brain-  or  spinewards)  after  crossing.  Strongly  marked  concentric 
arches  of  medullated  fibres  are  very  distinctly  seen  on  the  outer  sides  of 
the  corpora  dentata. 

If  we  commence  our  description  of  the  mid-brain  with  fig.  146,  it  is 
because  the  section  shows  the  origin  of  the  trochlear  nerve,  IV.  Its  fibres 
are  seen  distinctly  crossing  their  fellows  from  the  opposite  side  in  the  roof 


Fig.  145. — Frontal  section  through  the  cerebellum  and  medulla  oblongata  of  a monkey. 
Magi i.  2. — II,  Cerebellar  hemisphere  ; Vrsp,  vermis  superior  ; Ndt,  nucleus  den- 
tatus ; Nt,  nucleus  tecti ; Co- (-,  great  commissure;  Vi}  fourth  ventricle;  Crsl, 
corpus  restiforme  ; Pij,  pyramid  ; Flp,  fasciculus  longitudinalis  posterior ; Iia, 
raphe  ; No,  nucleus  olivaris  ; VIII,  nervus  acusticus  ; VHIh , chief  auditory 
nucleus  ; IX,  nervus  glossopharyngeus  ; Va,  spinal  root  of  trigeminus. 

of  the  aquseductus  Sylvii.  Certain  bundles  of  fibres  lying  on  the  inner 
side  of  the  descending  root  of  the  fifth  are  cut  transversely  or  obliquely, 
IV1.  These  are  the  root-fibres  of  the  trochlear  nerve  which  have  their 
nuclei  of  origin  farther  brainwards.  On  the  dorsal  side  of  the  posterior 
longitudinal  bundle,  close  to  the  raphe,  lies  a striking  darkly  coloured 
rounded  group  of  the  smallest  cells,  which  has  been  erroneously  supposed 
to  give  origin  to  fibres  of  the  trochlear  nerve.  It  is  the  so-called  posterior 
nucleus  of  the  trochlear  nerve  or  Westphal’s  nucleus  (not  lettered  in  the 
figure). 

The  recognised  (anterior)  nucleus  of  the  trochlear  nerve  lies  immediately 
to  the  cerebral  side  of  this  group  of  cells.  [If,  as  in  all  probability  may 
safely  be  done,  we  accept  pigmentation  and  shrinkage  in  size  as  evidence 
of  atrophy,  and  look  upon  groups  of  strongly  pigmented  cells  as  the 
vestiges  of  nuclei  no  longer  functional,  this  group  may  possibly  represent 
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the  nucleus  of  an  additional  portion  of  the  trochlear  nerve,  which  there 
are  good  grounds  for  believing  existed  in  early  vertebrates.  Both  the  third 
and  fourth  nerves  take  origin  from  spots  in  the  mid-brain  which  contain 
deeply-pigmented  cells,  and  both  contain,  mixed  up  with  their  nerve-fibres, 
masses  of  tissue  which  occur  in  no  other  nerves,  but  have  all  the  characters 
of  atrophied  nerve-cells  and  cell-sheaths  {Thomson),  and  may  well  be,  as 
Gas/cell  believes,  the  vestiges  of  root-ganglia.  Apart  from  these  indications 
within  the  nerves  and  their  nuclei,  there  are  many  reasons  for  thinking 
that  the  third  and  fourth  nerves,  which  in  all,  or  almost  all,  vertebrates 
are  limited  to  fibres  supplying  certain  muscles  of  the  eye,  had,  before  the 


Fig.  146.  — Transverse  section,  fig.  131  o. — IV1,  Cerebral  root  of  the  trochlear  nerve; 
IV2,  trochlear  decussation  ; IV3,  issuing  root  of  n.  trochlearis ; Aq,  aquoeductus 
Sylvii  ; Ncs,  nucleus  centralis  superior  ; LmP,  bundle  from  fillet  to  crusta  ; BD, 
commencing  decussation  of  brachia  conjunctiva. 


consolidation  of  the  vertebrate  head,  a wider  range,  and  included  sensory 
as  well  as  motor  elements.] 

Laterally  and  ventrally  to  the  aqueduct  the  cerebral  root  of  the  fifth,  Vd, 
the  locus  cccruleus,  Leo,  and  the  posterior  longitudinal  bundle,  Tip,  retain 
the  same  relative  position  as  heretofore.  The  lateral  fillet,  Lml,  lies  on  the 
outer  side  of  the  brachium  conjunotivum,  Brcj,  the  ventral  limb  of  the 
cross-section  of  which  joins  the  main  body  almost  at  a right  angle.  The 
two  are  separated  by  a thin  line  of  grey  substance,  the  nucleus  lateralis 
tegmenti.  The  ventral  division  of  its  fibres  already  reaches  the  middle 
line  forming  the  commencement  of  the  decussation  of  the  brachia  con- 
junctiva, BD.  The  tendency  of  the  brachia  towards  the  middle  line  is  seen 
in  the  following  sections,  while  the  mesial  fillet,  Lm,  inclines  in  the  opposite 
direction,  away  from  the  raphe.  Only  the  most  mesial  of  its  fibres  remain 
behind  in  a rounded  bundle  lying  dorsally  to  the  pons,  LmP.  The  nerve- 
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cells  which  are  seen  near  the  raphe,  between  the  posterior  longitudinal 
bundles  and  the  decussation  of  the  brachia  conjunctiva,  are  here  called  the 
nucleus  centralis  superior,  Ncs.  The  two  bundles  of  fibres,  cut  across 
on  the  periphery  between  the  fillet  and  the  pons,  constitute  the 
ponticulus. 


Fig.  147 .-Transverse  section,  fig.  181*-$*  Posterior  corpora  quadrigemina  ; NQp, 
"on^tud^naHs  to  ’ tr0Chlear  nucleus  ’>  S«s>  sulcus  oorporum  quadrigeminorum 


The  fibres  of  the  trochlear  nerve  take  origin  in  large  part,  as  the  follow- 
ing sections  show,  from  a rounded  grey  mass,  the  (anterior)  nucleus  of  the 
trochlear  nerve,  NIV,  which  in  part  is  embedded  in  a concavity  on  the 
dorsal  side  of  the  posterior  longitudinal  bundle.  Now  for  the  first  time  the 
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posterior  corpora  quadrigemina,  Qp,  are  seen  in  section,  their  united 
portions  bridging  over  in  the  middle  line  the  aquseductus  Sylvii,  Aq,  which 
is  prolonged  into  a deep  channel  on  the  ventral  side.  The  centre  of  each 
lobe  of  the  corpora  quadrigemina  is  occupied  by  an  ill-defined  grey  mass, 
the  nucleus  of  the  posterior  corpora  quadrigemina,  NQp.  On  the  outer  side 
of  this  is  recognised  the  bundle  of  the  lateral  fillet,  Lml ; part  being,  perhaps, 
prolonged  to  the  middle  line  and  across  it.  A smaller  part  of  the  lateral 
fillet  passes  beneath  the  nucleus  of  the  corpora  quadrigemina,  so  that  the 
grey  matter  is  almost  completely  encapsuled  in  white.  The  mesial  fillet 
continues  its  course  laterally  and  dorsal  wards.  The  brachia  conjunctiva, 
Brcj,  enter  to  a greater  extent  into  their  decussation,  and  moving  down- 
wards come  to  occupy  apparently  the  greater  part  of  the  formatio  reticularis 
of  the  tegment.  The  pons  fibres,  Pu,  have  split  the  pyramid,  Py,  into  a 
great  number  of  separate  bundles ; but,  nevertheless,  we  find  the  pyramids 
in  the  sections  just  in  front  of  the  pons  condensed  into  an  immense  close- 
set  field  of  fibres,  presenting  a cross-section  convex  on  its  ventral  side, 
Pp  (pes  pedunculi,  [crusta]  ). 

Fig.  148  represents  a section  carried  through  the  hinder  part  of  the 
anterior  corpora  quadrigemina,  Qa.  A superficial  indentation  is  seen  in 
the  middle  of  its  dorso-lateral  border,  Sqt ; this  is  the  fissure  (sulcus  inter- 
brachialis)  which  bounds  the  brachium  corporis  quadrigemini  posterioris  on 
its  dorsal  side,  and  it  shows  us,  therefore,  that  wo  have  passed  the  posterior 
and  entered  the  region  of  the  anterior  tubercles  of  the  corpora  quadri- 
gemina. The  nucleus  of  the  anterior  tubercle  is  already  visible  although 
indistinct,  NQa. 

Between  the  pes  pedunculi  and  the  now  no  longer  sharply-defined  fillet, 
an  ever  enlarging  grey  mass  insinuates  itself,  SnS ; it  is  distinguished  by 
possessing  strongly  pigmented  cells,  and  assumes,  therefore,  to  the  naked 
eye  a characteristic  dark  grey  colour  (substantia  nigra  Soemmeringi). 
Many  bundles  of  fibres  are  seen  to  stream  horizontally  from  the  pes 
pedunculi  into  the  substantia  nigra.  They  cannot  be  followed 
farther. 

On  either  side  of  the  middle  line,  the  brachia  conjunctiva,  beyond  their 
main  decussation,  begin  to  form  an  oval  field  placed  with  its  long  axis 
vertically  (the  white  nucleus  of  the  tegment  Brcj).  These  tracts  of  crossed 
fibres  arc  reinforced  by  those  still  crossing. 

The  rounded  bundles,  LmP,  which  we  had  noticed  as  separating  from  the 
mesial  fillet,  place  themselves,  as  soon  as  the  fibres  of  the  pons  have  dis- 
appeared, on  the  mesial  side  of  the  pes  pedunculi,  on  the  margin  of  which 
they  soon  spread  out  sideways.  Hence  they  constitute  the  tracts  from  the 
fillet  to  the  pes. 

The  space  between  the  posterior  longitudinal  bundles  and  the  aqueduct 
of  Sylvius  has  considerably  increased  in  its  dorso-ventral  diameter.  It  is 
occupied  by  a region  rich  in  cells,  the  ventral  part  of  which  belongs,  as 
later  sections  will  show,  to  the  nervus  oculomotorius,  NHL 

The  large  brown  cells  of  the  substantia  ferruginea  have  completely  dis- 
appeared, and  the  cerebral  root  of  the  fifth,  Vd,  is  only  picked  out  with 
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difficulty  under  a low  power ; it  can  still  be  recognised,  however,  if  one 
relies  upon  the  scanty  but  very  characteristic  large  nerve-cells  which  it 
contains. 

The  fibres  which  cross  dorsally  to  the  aqueduct  are  very  conspicuous. 
They  can  be  followed  farther  to  each  side,  the  most  veutrally  situate 
sweeping  down  in  a well-formed  arch  towards  the  cerebral  root  of  the  fifth, 
as  appears  more  clearly  in  the  following  sections. 

A section  carried  through  the  summit  of  the  anterior  tubercles  of  the 
corpora  quadrigemina  show  certain  well-marked  changes  (fig.  149).  The 
sulcus  corporum  quadrigeminorum  sagittalis,  Sqs,  is  deep  and  well  defined ; 
while  the  sulcus  interbrachialis,  which  separates  the  anterior  tubercle  from 
the  brachium  of  the  posterior  tubercle,  seems  to  have  inclined  farther 
ventralwards,  Sqt.  Many  medullated  fibres  cross  the  middle  line  dorsally 
to  the  aqueduct  of  Sylvius. 

The  crossing  of  the  brachia  conjunctiva  is  complete,  and  instead  of  the 
brachia  themselves  a round  area,  formed  of  reticular  substance,  into  which 
the  fibres  have  passed,  occupies  their  place  on  the  dorsal  side  of  the 
substantia  nigra  and  not  far  from  the  middle  line.  This  is  the  red  nucleus, 
Ntq  (superior  olive  of  Lugs,  nucleus  tegmenti). 

On  the  dorsal  side  of  the  posterior  longitudinal  bundle,  large  nerve-cells 
are  seen,  NII1  (nucleus  nervi  oculomotorii).  They  give  origin  to  bundles 
of  fibres  which  sweep  ventrally,  first  piercing  the  posterior  longitudinal 
bundle ; some  pass  on  the  inner  side,  some  on  the  outer  side,  and  others 
through  the  red  nucleus  to  reach  the  surface  at  the  furrow  between  the 
two  crura  cerebri,  III  (root-fibres  of  the  oculomotor  nerve).  This  group 

forms  part  of  the  region  in  which  the  nervus  oculomotorius  originates its 

lateral  nucleus.  In  other  large  cells  on  either  side  of  the  middle  line 
we  find  its  central  nucleus,  and  dorsally  from  the  lateral  nucleus  lie 
numerous  small  cells  which  constitute  the  nucleus  nervi  oculomotorii  of 
Westphal  and  Edinger.  All  these  cells  together  must  be  looked  upon  as 
the  starting-point  of  the  oculomotor  fibres.  Ventrally  to  the  red  nuclei  the 
fibres  of  the  oculomotor  nerve  pass  through  a region,  Pcm,  occupied  by  fibres 
running  from  the  corpus  mammillare  to  the  tegment  (pedunculus  corporis 
mammillaris). 


The  distinctly  diminished  mesial  fillet,  Lm,  appears  as  an  inconspicuous, 
semilunar  area,  stretching  towards  the  corpora  quadrigemina.  It  takes 
part  in  the  crossing  in  the  roof  of  the  aqueduct.  A hardly  recognis- 
able patch,  Fcop,  on  the  mesial  side  of  the  fillet,  which  remains  light 
in  carmine  preparations,  contains  fibres  streaming  from  the  posterior 
commissure  into  the  tegment  (Wernicke).  Fine  fibres  are  seen  crossing 
in  the  raphe  from  the  level  of  the  posterior  longitudinal  bundles 
o the  basis  cerebri.  The  dorsal  portion  of  these  crossing  fibres  must 
be  distinguished  from  the  ventral  (Ford).  The  fibres  which  cross  in 
the  dorsal  segment  of  the  raphe  come  from  the  roof  of  the  aqueduct  • 
principally,  indeed,  from  the  anterior  corpora  quadrigemina;  sweeping  in 
hne  curves  around  the  outer  side  of  the  cerebral  root  of  the  fifth,  they  curl 
in  beneath  the  posterior  longitudinal  bundle,  and  so  traverse  the 
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tegment  towards  the  middle  line.  Meynert , thinking  that  these  fibres  take 
origin  in  the  cells  of  the  cerebral  trigeminal  root,  called  them  the  tracts 
of  the  fifth  (Quintusstrange).  Forel  substituted  the  name  ‘fountain-like 
or  Meynert’s  decussation,’  M.  The  fibres  which  cross  in  the  ventral 
portion  of  the  raphe  form  Forel's  ventral  tegmental  decussation,  F. 

The  most  remarkable  feature  of  this  section  is  the  fact  that  a large 
number  of  new  structures,  most  of  which  are  connected  with  the  optic 
nerve,  are  found  on  its  lateral  borders.  A great  white  column  cut 
obliquely  lies  up  against  the  crusta,  the  tractus  opticus,  II.  Dorsally  it 
passes  into  a peculiar  mass  of  alternating  grey  and  white  matter,  the 
ganglion  or  corpus  geniculatum  laterale,  Cgl.  A smaller  part  of  the  optic 
fibres  can  be  followed  on  the  surface  of  the  crusta  farther  dorsally  to 
another  grey  body  of  oval  form  and  almost  the  same  size  as  the  nucleus  ruber 
tegmenti,  the  ganglion,  seu  corpus  geniculatum  mediale,  Ccjm.  The  mesial 
geniculate  body  is  situate  in  the  sulcus  lateralis  mesencephali ; it  is  enveloped 
all  over  in  bundles  of  fibres,  and  gives  some  bundles  to  the  corpus  quadri- 
geminum  posterius.  Lastly,  the  section  has  alreadj'  cut  into  the  thalamus 
opticus,  Tlio,  which  appears  as  a great  grey  mass  lying  on  the  dorsal  and 
lateral  sides  of  the  structures  described  above. 

Still  another  section  must  be  made  through  the  anterior  border  of  the 
corpus  quadrigeminum  anterius,  so  that  it  cuts  the  posterior  commissure, 
Cop  (fig.  150).  By  this  time  the  optic  thalamus  occupies  an  extended  area. 
Each  of  the  anterior  corpora  quadrigemina  is  united  with  the  thalamus  by 
a conspicuous  arched  tract  of  white  fibres,  the  brachium  corporis 
quadrigemini  anterioris,  Brqa,  which  lies  in  the  furrow  between  them. 
The  considerable  tracts  of  the  posterior  commissure  cross  above  the  aqueduct 
(already  opening  out  into  the  third  ventricle) ; their  most  ventral  fibres 
extend  downwards  on  either  side  the  aqueduct  in  the  direction  of  the 
posterior  longitudinal  bundles,  Fiji,  which  are  already  indistinct.  The 
dorsal  fibres  of  the  commissure,  separated  from  the  ventral  fibres  by  the 
recessus  subpinealis,  lisp , can  be  followed  farther  sidewards  into  the 
thalamus.  The  most  anterior  portion  of  the  nucleus  oculomotorius,  NIII, 
is  still  to  be  seen  near  the  raphe. 

Fibres  stream  outwards  from  the  lateral  edges  of  the  red  nuclei,  Ntg. 
Many  bundles  of  fibres  belonging  to  the  thalamus  take  a similar  course 
in  the  most  lateral  part  of  the  section.  The  substantia  nigra  Soemmeringi, 
SnS,  has  disappeared  with  the  exception  of  a little  mesial  portion.  Its 
place  is  taken  by  a lenticular  body,  the  corpus  subthalamicum,  Csth , which, 
as  we  shall  see  later  on,  ought  to  be  apportioned  to  the  ’tween-brain.  It 
is  surrounded  by  a white  capsule.  The  two  corpora  mammillaria,  Cm,  are 
squeezed  in  between  the  crura  cerebri  beneath  the  substantia  perforata 
posterior,  Sbpp. 

On  the  mesial  side  of  the  red  nucleus  lies  a region,  Al,  rich  in  fibres 
belonging  to  the  ansa  lenticularis. 

Dorsally  it  is  not  well  marked  off  from  the  field  of  cross-cut  fibres  which 
lies  on  the  ventral  side  of  the  posterior  longitudinal  bundle.  A tract  of 
coarse  fibres,  the  fasciculus  retroflexus,  frtf  (Meynert’s  bundle),  discharges 
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in  this  region.  It  enters  into  the  nucleus  ruber  on  its  inner  side.  Its 
commencement  and  termination  are  not  visible  in  this  section. 


^s^rT6  S<ti0Vlg-  131  Commissura  posterior;  lisp,  recess, 

an  Jr, nr  ,brachlum  corporis  quadrigemini  anterioris  ; Qa,  front 

thirl  TV'  \UadnSeminum  i aqua;ductus  Sylvii  where  it  opens  ini 
tlnrd  ventricle;  Frlf,  fasciculus  retrollexus ; Csth,  corpus  subthalamicum  • FI 
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In  the  foregoing  sections  we  found  it  advisable  to  cut  away  the  lateral 
parts  of  the  brain  before  hardening,  lest  the  preparations  should  be 
inconveniently  large.  'Ibis  proceeding  is  even  more  necessary  in  making 
sections  of  the  brain-stem  when  it  lies  beneath  the  central  part  of  the 
hemispheres.  The  next  three  preparations,  which  are  intended  to  serve 
ior  the  explanation  of  the  ’tween-brain  and  secondary  fore-brain,  are 
consequently'  incomplete ; but  the  parts  cut  away  present  no  feature 
which  it  is  essential  to  reproduce. 

I must  also  point  out  that,  while  the  carmine  preparations  were 
magnified  to  four  times  their  natural  size,  these,  which  ai’e  stained  by 
Pal’s  method,  are  only  twice  the  natural  size. 


Fig.  151. — Transverse  section,  fig.  133  t. — II,  Tractus  opticus  ; Ci,  capsula  interna  ; 
Cm,  corpus  mammillare  ; Csth,  corpus  subthalamicum  ; Cstr,  corpus  striatum  ; Gh, 
ganglion  habenulae ; Lml,  lamina  medullaris  lateralis  thalami  ; Lmm,  lamina 
medullaris  medialis  thalami ; Nl,  nucleus  lateralis  thalami ; Nlf,  nucleus  lenti- 
formis ; 1,  2,  3,  its  three  segments  ; Nm,  nucleus  medialis  thalami ; Ntg,  most 
anterior  end  of  the  red  nucleus  of  the  tegment ; Pp,  pes  pedunculi ; Stz,  stratum 
zonale  thalami ; Tho,  thalamus  opticus ; Tv3,  taenia  ventriculi  tertii ; VA, 
bundle  of  Vicq  d’Azyr  ; Vstc,  vena  striae  corneae  ; V3,  third  ventricle. 


As  will  be  shown  directly,  the  anatomy  of  certain  parts  of  the  ’tween- 
brain  presents  peculiar  difficulties,  which  are  increased  by  the  fact  that 
to  certain  tracts  of  fibres  no  distinct  physiological  purpose  can  yet  be 
assigned,  and  so  we  are  obliged  to  be  contented  with  dry'  and  often 
doubtful  anatomical  data.  The  very  existence  of  the  tracts  in  question 
is  sometimes  rather  taken  for  granted  than  demonstrated.  In  fact,  the 
gaps  in  our  information  so  often  felt  in  the  study  of  many  parts  of  the 
brain  arc  experienced  acutely  in  the  case  of  the  ’tween  brain. 

A section  carried  in  front  of  the  posterior  commissure  (fig.151)  shows  us 
structures  with  most  of  which  we  are  already  acquainted. 

The  aqueduct  of  Sylvius  is  fully'  enlarged  into  the  third  ventricle,  VS. 
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The  optic  thalamus  shows  us  its  two  free  surfaces,  the  mesial  looking  into  the 
third  ventricle.  The  edge  between  the  two  surfaces  is  marked  by  a little 
swelling,  the  ganglion  habenulae, G7/,  from  which  the  taenia  ventriculi  tertii 
originates.  In  a somewhat  earlier  section  we  should  have  seen  the  fasci- 
culus retroflexus  extending  downwards  from  the  ganglion  habenulae.  The 
corpora  mammillaria  lie  beneath  the  substantia  perforata  posterior,  Sltpp. 

From  either  side  a large  and  conspicuous  bundle  of  medullated  fibres 
passes  dorsal  wards  into  the  thalamus.  This  is  the  bundle  of  Vicq  d’Azyr,  VA . 


Fig.  1 52. — Transverse  section,  fig.  133  u.—l,  2,  8,  The  three  segments  of  the  nucleus 
Ionticularis  ; Al,  ansa  lenticularis ; Ce,  capsula  externa;  Cex,  capsula  extrema; 
Ch,  chiasma  nervorum  opticorum  ; Ci,  capsula  interna ; Cl,  claustrum  ; CM, 
Meynert’s  commissure  ; Coa,  commissura  anterior  ; Com,  commissura  media  ; Cslr, 
corpus  striatum  ; Fcl,  columna  fornicis  ; H , habenula  ; I , island  of  Reil  ; Lml, 
lamina  medullaris  lateralis  ; Lmm,  lamina  medullaris  medialis  thalami ; Ka , 
nucleus  anterior  ; JV7,  nucleus  lateralis,  and  A Tm,  nucleus  medialis  thalami  optici ; 
T,  temporal  lobe  ; ust,  inferior  peduncle  of  the  thalamus  ; Vsta,  vena  stria;  cornea; ; 
V3,  third  ventricle. 

In  its  subsequent  course  towards  the  anterior  nucleus  thalami  it  assumes 
a more  sagittal  direction,  and  will  be  visible  in  later  sections  as  a roundish 
tract  of  transversely  cut  fibres. 

The  lamina  medullaris  medius,  Lmm,  divides  the  thalamus  into  two 
parts,  the  smaller  of  which  is  the  mesial  nucleus,  Nm,  and  the  larger  the 
lateral  nucleus,  Nl.  In  the  woodcut  we  also  see  that  the  lamina  medullaris 
medius  itself  is  divided  into  two  parts,  enclosing  a little  grey  substance 
between  them.  In  sections  taken  somewhat  farther  back  this  grey  space 
would  be  seen  as  a fairly  large,  roundish  body,  sharply  defined  by  the 


292 


REGIO  SUBTHALAMICA. 


medullatcd  fibres  of  the  lamina  medullaris.  It  is  the  “ centre  median  ” of 
Luys  (the  middle  nucleus  of  Kulliker).  The  hinder  part  of  the  lateral 
nucleus  passes  over  into  thepulvinar.  From  the  outer  side  numerous  white 
fasciculi  press  into  it,  giving  to  it  for  a certain  thickness  a peculiar  reti- 
culate appearance,  the  stratum  reticulatum,  str.  On  the  lateral  border  of 
the  thalamus  these  fibres  are  collected  into  a thin  boundary  layer,  the 
lamina  medullaris  lateralis,  Lml.  On  the  outer  side  of  this  comes  the 
internal  capsule,  ci,  into  which  the  crus  cerebri  enters  from  below. 

Not  everything,  however,  which  lies  between  the  internal  capsule  and 
the  third  ventricle  belongs  to  the  optic  thalamus ; the  basal  portion  of  the 
region,  which  cannot,  it  is  true,  be  sharply  defined  from  the  thalamus,  is 
known  as  the  regio  subthalamica  (stratum  intermedium  of  Wernicke). 

Our  attention  is  arrested  by  a somewhat  lenticular  body  which  lies 
above  the  internal  capsule  and  towards  its  mesial  side,  the  corpus  sub- 
thalamicum,  Gsth  (nucleus  amygdaliformis,  nucleus  of  Luys,  nucleus  of 
Forel,  bandelette  accessoire  de  l’olive  superieure).  In  Man  it  is  much 
more  sharply  defined  than  in  many  animals.  The  corpus  subthalamieum 
is,  with  the  single  exception  of  its  mesial  angle,  shut  in  by  a thin  but 
distinct  capsule  of  medullated  fibres,  capsula  corporis  subthalamici.  The 
ventral  lamella  of  its  capsule  separates  it  from  the  crus,  or  internal  capside, 
as  the  case  may  be ; the  dorsal  lamella  separates  it  from  the  region  which 
is  in  connection  dorso-laterally  with  the  fibres  of  the  lateral  nucleus  of 
the  thalamus,  the  regio  subthalamica  proper,  and  gains  on  the  ventral  and 
mesial  side  a greater  importance  by  blending  with  the  region  Ntg,  in 
which  we  must  look  for  the  fibres  which  stream  out  of  the  dorsal  portion 
of  the  red  nucleus.  This  area  is  continued  almost  to  the  wall  of  the  third 
ventricle,  but  it  must  be  pointed  out  that  our  views  with  regard  to  its 
definition  are  by  no  means  concise.  Monakm  gives  the  name  of  “ventral 
group  of  nuclei  of  the  thalamus  opticus  ” to  a large  area  which,  although 
not  always  clearly  defined,  especially  on  its  dorsal  boundary  towards  the 
actual  lateral  nucleus,  is  distinguishable  even  on  microscopic  examination 
by  the  different  disposition  of  the  elements  which  compose  it.  Within  this 
area  he  again  distinguished  four  separate  nuclei.  Forel  distinguishes  the 
ventral  portion  of  this  area  which  lies  next  to  the  corpus  subthalamieum 
(zoua  incerta)  from  the  upper  more  abundantly  medullated  one. 

Above  the  thalamus  opticus  in  fig.  152  we  see  the  stria  cornea  with 
its  large  vein  ( Vstc).  Farther  to  the  side  is  the  tail  of  the  nucleus  caudatus 
(car). 

Last,  the  tractus  opticus  ( II)  remains  to  be  mentioned.  It  lies  close 
against  the  pcs  pedunculi  cerebri. 

The  next  woodcut  (fig.  153)  shows  the  thalamus  and  the  nucleus 
lenticularis  in  their  greatest  extension.  At  the  outside  of  the  latter  are 
seen  the  capsula  externa  (Ce),  the  claustrum  (Cl),  the  capsula  extrema  ( Cex ), 
and  the  cortex  of  the  insula. 

In  the  thalamus  opticus  we  see  the  two  laminae  mcdullares,  Lml  and 
Lmm.  The  lamina  medullaris  medialis  divides  it  into  a lateral  and  a mesial 
nucleus  (Ne  and  Nm)  ; and  the  anterior  nucleus  (Ara)  begins  to  be  distinctly 
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defined.  The  bundle  of  Yicq  d’Azyr  can  be  seen  as  a round  patch  cut 
across  in  the  lateral  nucleus. 

Ventrally  from  the  nucleus  lenticularis  we  see  the  cross-section  of  the 
anterior  commissure,  which  here  passes  obliquely  backwards,  turning  at 
right  angles  to  the  middle  line  farther  on.  Further,  on  the  ventral  side  of 
both  the  inner  segments  of  the  nucleus,  we  meet  with  numerous  fibies 
which  pass  towards  the  middle  line  and  arch  upwards  on  reaching  the  apex 
of  the  nucleus,  and  so  curve  round  the  ventral  end  of  the  inner  capsule 
and  stream  into  the  region  included  under  the  general  name  of  regio 
subthalamica.  These  form  the  ansa  lenticularis.  The  name  ansa 


Fig.  153.— Transverse  section,  fig.  133  v.—l,  8,  3,  The  three  segments  of  the  nucleus 
lenticularis ; Cell,  corpus  callosum ; Coa,  commissura  anterior ; Cstr,  corpus 
striatum  ; Frl,  columna  fornicis  ; Na,  nucleus  anterior ; Nl,  nucleus  lateralis 
thalami  ; VA,  bundle  of  Vicq  d’Azyr  ; Vstc,  vena  stria?  cornea;. 


peduncularis  is  applied  to  all  fibres  which  curve  round  the  internal  capsule 
(and  the  pes  pedunculi)  at  this  point.  Its  two  most  important  constituents 
are  the  ansa  lenticularis  just  described,  and  a second  fibre  tract,  which 
streams  upwards  between  the  bundle  of  Yicq  d’Azyr  and  the  columna 
fornicis  (Fd),  into  the  mesial  and  anterior  nuclei  of  the  thalamus.  These 
fibres  constitute  the  inferior  peduncle  of  the  thalamus,  ust  (inferior  or 
inner  peduncle  of  Wernicke  and  Meynert).  Possibly  its  fibres  take  origin 
in  the  two  inner  segments  of  the  nucleus  lenticularis.  It  is  certain, 
however,  that  other  fibres  derived  from  the  ventral  side  of  these  two 
segments  of  the  nucleus  lenticularis,  always  more  numerous  than  those 
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just  described,  have  a different  destination  ; the  cortex  of  the  temporal  lobe, 
for  example. 

On  the  base  of  the  brain  lies  the  optic  chiasm,  Cli  (chiasma  nervorum 
opticorum),  above  which,  in  the  narrow  interval  between  it  and  the  third 
ventricle,  run  certain  fasciculi  of  thick  fibres  forming  Meynert’s  commissure, 
Cm.  Besides  these,  other  and  finer  fibres  cross  here  and  strike  upwards 
towards  the  thalamus  opticus.  These  constitute  Forel’s  decussation. 

The  middle  commissure  (Com)  divides  the  third  ventricle  into  two 
parts,  lying  one  above  the  other. 

In  the  next  figure  the  thalamus  opticus  has  been  to  a great  extent 
displaced  by  the  corpus  striatum  (Cstr).  The  anterior  nucleus,  Na,  and  the 
stratum  reticulatum  of  the  lateral  nucleus,  Nf,  are  the  only  parts  of  it 
still  discernible.  In  the  anterior  nucleus  the  bundle  of  Vicq  d’Azyr  is  seen 
to  enter ; the  inner  capsule,  Ci,  is  traversed  by  numerous  bridges  which 
connect  the  corpus  striatum  and  nucleus  lenticularis,  and  extend  even  to 
its  outer  segment,  the  putamen  (3). 

The  putamen  is  continued  towards  the  base  of  the  brain  without  any 
sharp  line  of  demarcation.  The  most  conspicuous  feature  of  this  section 
is  the  great  anterior  commissure  ( Coa ),  to  which  the  pillars  of  the  fornix 
(Frl)  are  seen  affixed. 

The  small  portion  of  the  corpus  callosum  (cell)  seen  in  this  section 
must  be  pointed  out.  It  lies  above  the  nucleus  caudatus.  The  great 
mass  of  the  corpus  callosum  has  already  been  cut  away. 

In  more  anterior  segments  the  head  of  the  nucleus  caudatus  will  be 
found  to  have  completely  displaced  the  optic  thalamus.  The  third 
segment  of  the  nucleus  lenticularis  alone  keeps  it  company,  the  two  being 
connected  by  numerous  wide  bridges.  From  the  lower  surface  of  the 
corpus  callosum  the  septum  pellucidiun  extends  downwards  on  either  side 
the  middle  line. 

If  sections  are  made  still  nearer  to  the  frontal  pole,  first  the  nucleus 
lenticularis  and  then  the  nucleus  caudatus  disappears.  The  bending  over 
of  the  corpus  callosum  (its  genu)  is  next  encountered;  and  still  farther 
forwards  nothing  is  left  but  the  sections  of  the  two  frontal  lobes,  now 
completely  separated  from  one  another. 


The  student  will  find  it  of  the  greatest  service  to  survey  the  various 
fibre-tracts,  cell-groups,  etc.,  which  he  has  learnt  to  know  in  the  foregoing 
series  of  cross-sections,  from  another  point  of  view.  The  comprehension 
of  the  brain  as  a whole  is  greatly  aided  by  the  preparation  of  sections 
taken  in  different  planes.  It  is  well  to  study  a series  cut  parallel  with 
the  mesial  plane. 

For  this  purpose  we  must  take  a well-hardened  brain-stem,  extending 
about  as  far  forwards  as  the  anterior  commissure,  and  cut  away  part  of 
one  side,  parallel  to  the  mesial  plane  and  about  a centimeter  or  a centi- 
meter and  a half  from  the  middle  line.  The  cut  surface  will  serve  as  a 
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base  for  fixing  the  preparation  on  to  the  cork  or  wooden  block  after  it  has 
been  properly  embedded  in  celloidin.  The  projecting  medulla  oblongata, 
which  forms  the  caudal  part  of  it,  must  bo  supported  by  filling  in  with 
photoxylin.  Fig.  154  shows  the  relations  of  the  parts  as  seen  in  such 
longitudinal  sections ; it  is  partly  of  the  nature  of  a diagram,  and  combines 


Fig.  154. -Combination  of  several  sagittal  sections  through  the  brain-stem.  Pal's 
staining.  Magn.  2.—  Ill,  Nervus  oculomotorius ; I VI,  decussation  of  the  nervus 
trochlearis  ; VI,  nervus  abducens ; Vllb,  ascending  limb  of  facialis ; VHIh, 
triangular  auditory  nucleus  ; XII,  nervus  hypoglossus  ; Brej,  brachium  conjuncti- 
vum  ; Cm,  corpus  mammillare  ; Cop,  commissura  posterior  ; DB,  crossing  of  brachia 
conjunctiva  ; DLm,  decussation  of  the  fillet ; I) By,  decussation  of  the  pyramids  ■ 
BV,  crossed  bundle  of  the  trigeminus  ; Fai,  fibr®  arcuat®  intern®  ; Fcl,  columna' 
fornicis  ; Fug,  funiculus  gracilis  ; Flp,  fasciculus  longitudinalis  posterior  ; Frtf 
fasciculus  retroflexus  ; Jf,  infundibulum  ; Leo,  locus  cteruleus  ; Lm,  fillet ; m 
dorsal  longitudinal  bundle  above  the  nucleus  hypoglossi ; Fa,  nucleus  anterior  of 
the  optic  thalamus  ; Far,  nucleus  arcuatus  : Fg,  nucleus  gracilis;  A To,  nucleus 
ot  the  olive;  Ftg,  nucleus  tegmenti ; NIII,  nucleus  oculomotorii ; NIV 
nucleus  trochlearis  ; NVI,  nucleus  abducentis  ; A7 VII,  nucleus  facialis  ;’  NXII 
nucleus  hypoglossi  ; Oaa,  anterior  accessory  olive  ; Oae,  exterior  accessory  olive  • 
Bo,  pons  ; Bos,  superficial  fibres  of  the  pons  ; Bp,  pes  pedunculi ; By,  pyramid  • 
Qa  anterior  corpus  quadrigeminum  ; Qp,  posterior  corpus  quadrigeminum  ; SnS 
substantia  nigra  Soemmeringi  ; Sim,  stri®  medullares  acustici  ; Stz,  stratum  zonale 
alami ; Tho,  thalamus  opticus  ; ust,  inferior  peduncle  of  the  thalamus  ; VA 
bundle  of  Vicq  d’Azyr  ; Vg,  ground-bundle  of  the  anterior  column  ; Vma,  velum 
medullare  antenus.— In  order  to  avoid  overcrowding  the  figure  with  letters,  many 
details  shown  in  it  are  not  expressly  marked  ; as,  for  example,  tho  transversely 
cut  crossing  of  the  facialis  (under  VI lb),  or  the  equally  faint  indication  of  the 
corpus  trapezoides  (where  the  bundle  of  the  abducens  pierces  tho  fillet). 

m a measure  the  details  of  several  sections,  all  parallel  to  the  mesial  plane 

but  taken  at  distances  varying  from  two  to  four  millimeters  from  the 
middle  line. 
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Basal  sections,  as  we  should  call  those  made  parallel  to  the  base  of  the 
brain,  are  particularly  troublesome  to  prepare. 

This  plane  is  very  unsuitable  for  making  sections  of  the  mid-brain 
and  hind-brain  in  Man  ; it  is  better  to  take  the  floor  of  the  fourth  ventricle 
as  our  starting-point  and  try  to  cut  parallel  with  that.  Even  then  it  is 
very  difficult  to  obtain  a proper  surface  for  fixing  the  preparation  on  to 
the  cork ; to  secure  a base  of  even  moderate  size,  part  of  the  brain  sub- 
stance has  to  be  cut  away,  and  either  the  corpora  quadrigemina  or  some 
of  the  ventral  structures  must  be  sacrificed ; it  is  hardly  possible  to  make 
sections  without  filling  in  with  photoxylin.  If  embedding  in  celloidin  is 
resorted  to,  the  celloidin  may  be  allowed  to  get  almost  dry  and  then  the 
lump  containing  the  preparation  may  be  cut  out  and  shaped  as  desired. 

If,  however,  the  frontal  sections  and  a series  of  sagittal  sections  have 
been  well  studied,  the  understanding  of  the  basal  series  will  present  no 
great  difficulty. 


SECTION  VI.— COURSE  OF  FIBRES. 


We  have  now  at  command  a continuous  series  of  cross-sections — and, 
perhaps,  also  of  longitudinal  and  basal  sections— of  the  central  nervous  system. 
Such  a series  of  sections  from  the  filum  terminale  to  tho  front  of  the  great 
brain  affords  material  for  the  study  of  the  course  of  fibres  on  the  one  hand 
and  minute  structural  relations  on  the  other ; although  hitherto  our  atten- 
tion has  been  confined  to  the  larger  topographical  changes  which  the  cross- 
section  shows. 

But  these  series,  even  when  unbroken,  do  not  suffice  for  the  explana- 
tion of  the  course  of  the  several  fibre-tract3. 

In  many  cases  it  is  impossible  to  follow  a single  fibre,  or  even  a bundle 
of  fibres,  with  absolute  certainty  section  by  section  from  beginning  to  end. 
To  avoid  false  conclusions,  we  are  forced  to  have  recourse  to  various 
other  methods  of  investigation.  For  instance,  Flechsig’s  method  of 
studying  the  successive  stages  of  development  of  the  myelin-sheath  often 
enable  us  to  follow  easily  the  whole  course  of  certain  fibres  which  acquire 
it  earlier  than  those  about  them. 

It  is  superfluous  to  insist  upon  the  importance  of  the  revelations  made 
by  the  degeneration-method,  whether  applied  to  secondary  degeneration 
or  what  is  known  as  v.  Gudden’s.  It  reflects  great  credit  upon  Monakow 
that  he  has  developed  v.  Gudden’s  teaching  and  applied  it  systematically 
to  the  results  of  secondary  degeneration  in  Man.  In  new-born  animals,  as 
we  know  (and  with  certain  reservations  the  same  holds  good  for  adults), 
after  severance  of  a nerve-fibre,  secondary  degeneration  extends  to  and 
involves  its  cell  of  origin.  We  then  know  for  certain  that  the  fibre  arises 
from  the  cell.  If,  on  the  contrary,  we  see  that,  after  the  severance  of  a 
bundle  of  fibres,  the  degeneration  can,  indeed,  be  followed  to  a group  of 
cells,  but  affects,  not  the  cells  themselves,  but  the  intervening  tissue,  we 
know  that  in  this  group  we  must  look  for  the  end  of  the  bundle  (Monakow). 

But  this  method  leads  us  a step  farther.  I have  already  pointed  out 
that  the  degenerative  process  does  not  stop  at  the  neuron  directly  injured, 
but  may  extend  to  another,  structurally  and  functionally  dependent  on 
the  first.  This  is  especially  the  case  in  young  persons.  The  process  we 
observe  in  the  fibre  of  this  second  neuron  is,  however,  not  Waller’s 
degeneration,  but  a mere  reduction  in  volume — simple  atrophy.  Monakow 
is  of  opinion  that  this  atrophy  of  the  second  degree  (or  tertiary  atrophy, 
as  it  may  be  called,  to  avoid  confusion  with  ‘secondary’  degeneration) 
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may  be  explained  by  the  lack  of,  or  insufficient  transference  of,  nervous 
impulses  consequent  upon  the  destruction  of  the  first  neuron.  Want  of 
functional  activity  induces  partial  atrophy  of  the  second  neuron  or  (in 
young  subjects')  arrests  its  growth. 

Important  disclosures  concerning  the  origin,  course,  and  end  of  a 
nerve-tract  may  be  gathered  from  the  method  of  impregnating  with  silver, 
by  which  (to  give  an  instance)  the  course  of  the  axis-cylinder  process  can 
be  most  clearly  seen.  At  the  same  time  it  must  be  borne  in  mind  that 
the  axis-cylinder  frequently  bends  round,  so  that  the  direction  in  which  it 
leaves  the  cell  by  no  means  necessax-ily  cori’esponds  with  that  of  its  later 
course.  In  other  kinds  of  cells,  such  as  the  pyramidal  cells  of  the  cortex, 
it  takes  at  once  the  direction  in  which  it  proceeds  for  some  distance. 
With  regard  to  the  collaterals  which  the  silver-method  renders  visible  in 
the  embryo,  I would  again  remind  the  reader  that  the  utmost  caution  is 
necessary  in  transferring  to  the  adult  the  conditions  of  this  stage  of 
development. 

But,  at  any  rate,  it  is  only  by  the  application  of  the  various  methods 
of  investigation  that  the  student  can  hope  to  arrive  at  independent  con- 
clusions with  regard  to  the  matters  next  to  be  considered. 

It  must,  however,  be  remarked  that  it  is  not  our  intention  to  quote  in 
this  place  all  the  fibre-paths  which  have  been  described,  especially  when 
their  course  is  of  but  little  importance. 

A.  TRACTS  IN  THE  SPINAL  CORD. 

I.  Pyramidal  Tracts  (fig.  155). — We  have  learnt  to  recognise  the 
lateral,  PyS,  and  anterior  pyi-amidal  tracts,  PyV,  in  the  spinal  cord. 

These  tracts  are  composed  of  long  fibres,  which  can  be  followed  brain- 
wards  into  the  pyramids  and  through  the  pons,  on  into  the  crus  and  inner 
capsule,  and  thi-ough  this  to  the  cortex  of  the  great  brain.  As,  however, 
it  is  in  the  cells  of  the  cortex  that  they  originate,  we  will  begin  our  study 
of  them  from  that  end. 

Thi-oughout  the  cortex  cerebri  (fig.  155,  Co)  we  find,  as  I shall 
presently  show  more  fully,  an  immense  number  of  pyramidal  cells,  which 
send  out  their  axis-cylinder  processes  into  the  medulla  of  the  hemisphere. 
The  nerve-fibres,  which  farther  down  constitute  the  pyramidal  tracts,  take 
origin  in  these  cells  ; but  I must  at  once  explain  that  the  name  1 pyramidal 
tract’  has  nothing  to  do  with  the  pyramidal  cells,  but  is  due  to  the 
circumstances  that  the  pyramids  situate  at  the  base  of  the  medulla 
oblongata  are  composed  of  these  fibres. 

A large  proportion  of  the  fibres  from  the  pyramidal  cells  (c'-c4) 
converge  and  traverse  the  centrum  semiovale  Vieussenii  (maintaining,  on 
the  whole,  their  relative  positions)  to  constitute  the  corona  radiata.  Of 
these  we  need  only  take  into  consideration  those  which  thrust  themselves 
between  the  central  grey  masses  (the  nucleus  lenticularis  on  the  one  side 
and  the  nucleus  caudatus  and  optic  thalamus  on  the  other),  and  thus  con- 
stitute the  internal  capsule,  Ci. 
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We  know  that  the  internal  capsule  (fig.  156)  consists,  in  horizontal 
section,  of  an  anterior  segment,  between  the  nucleus  lenticularis  and  the 
nucleus  caudatus,  and  a posterior  segment,  between  the  nucleus  lenticularis 


300 


TRACTS  IN  THE  INTERNAL  CAPSULE. 


inner  capsule.  Tho  whole  anterior  half  of  the  anterior  segment  is 
occupied  by  a fibre-tract  which  we  shall  learn  to  know  as  the  anterior 
peduncle  of  the  thalamus  (Tho),  Behind  this  comes  a tract  of  fibres,  the 
frontal  pontine  tract  ( 1 ),  which  streams  in  from  tho  frontal  lobe  (though 
this  is  denied  by  Zacher)  and  to  a certain  extent  also  from  the  nucleus 
caudatus  itself,  in  which  last  it  probably  also  takes  rise ; next,  in  the 
neighbourhood  of  the  knee  of  the  capsule  lie  the  cortico-bulbar  tracts  or 
faisceau  genicule,  the  cerebral  connection  of  the  motor  nerves  of  the  brain 
(2) ; then,  in  the  anterior  part  of  the  hinder  segment,  the  pyramidal  tracts 
in  the  strict  sense  of  the  word  (3) — first  in  order  the  fibres  for  the  upper 
extremity,  the  cortico-brachial  tract,  and  farther  back  those  for  the  lower 
extremity,  the  cortico-crural  tract.  2 and  3 take  origin  in  the  motor 


Fig.  156.— Diagram  of  the  internal  capsule.— A7,  Nucleus  lenticularis.  The  unmarked 
anterior  grey  mass  is  the  nucleus  caudatus,  the  posterior  is  tho  thalamus  opticus  ; 
Ths,  anterior  peduncle  of  the  thalamus  ; 1,  frontal  pontine  tract ; 2,  cerebral 
tract  of  the  motor  cranial  nerves  ; 3,  actual  pyramidal  tract ; 4,  muscle-sense 
tract ; 5,  carrefour  sensitif. 

region  of  the  cortex— the  central  convolutions  with  the  adjoining  parts 
of  the  frontal  lobe,  the  lobulus  paracentralis,  and,  perhaps,  a small 
(superior  and  anterior)  part  of  the  parietal  lobe. 

Beevor  and  Horsley  have  determined  even  more  exactly  the  position  in 
the  motor  region  of  the  internal  capsule  in  the  ape  of  the  tracts  for 
particular  muscle-groups.  Proceeding  from  before  backwards,  their  order 
is  as  follows : — Opening  of  the  eye,  deviation  of  the  eyes,  opening  of  the 
mouth,  deviation  of  eyes  and  head,  turning  the  head,  tongue,  corners  of 
the  mouth,  shoulder,  elbow,  wrist,  fingers,  thumb,  trunk,  hip,  ankle,  knee, 
great  toe,  remaining  toes. 

Continuous  with  the  posterior  end  of  the  motor  pyramidal  region  of 
the  internal  capsule  lies  the  field  through  which  the  centripetal  tracts  for 
muscle-sense  course,  the  anterior  being  concerned  with  the  upper 
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extremity,  the  posterior  with  the  lower  ( Redlich ).  We  do  not  know  as 
yet  in  what  part  of  the  cortex  they  end  (perhaps  in  the  parietal  lobe  or 
the  thalamus). 

The  posterior  third  of  the  hinder  segment  is  devoted  to  the  conduction 
of  centripetal  impressions  (5).  Some  of  the  fibres  rise  in  the  pons  and 
finally  turn  towards  the  temporal  lobe  (temporal  pontine  tract) ; while  the 
hindmost  fibres  of  the  capsule  turn  backwards  to  the  hinder  part  of  the 
parietal  lobe,  to  the  occipital  lobe  (optic  radiations,  sagittal  medullary  layer 
of  the  occipital  lobe),  and  also  ventrally  to  the  temporal  lobes.  Since 
various  sensory  tracts  meet  together  in  this  region  of  the  internal  capsule 
it  has  been  termed  the  ‘carrefour  sensitif.’ 

Other  tracts  which  are  present  in  the  internal  capsule  will  be  mentioned 
later  on.  Fleclisig  calls  attention  to  the  important  fact  that  the  individual 


Fig.  157.— Diagram  showing  the  constitution  of  the  crus  cerebri.— Qa,  Anterior  corpus 
quadrigeminum  ; AS,  aqueeductus  Sylvii ; FIs,  posterior  longitudinal  bundle  ; Tg, 
tegment ; Nt,  red  nucleus  of  the  tegment ; SnS,  substantia  nigra  Soemmeringi  ; 
? most  mesial  region,  of  uncertain  meaning : 1,  frontal  pontine  tract ; 2,  tract  of 
motor  cranial  nerves;  3,  pyramidal  tract;  4,  muscle-sense  tract ; 5,  sensory 
portion  of  the  crusta  ; 6,  fasciculus  from  the  fillet  to  the  crusta  ; 7,  stratum  inter- 
medium. 

fibre-tracts  traversing  the  internal  capsule  are  inconstant  in  their  relation 
to  its  knee  ; field  2,  for  example,  does  not  always  correspond  to  the  knee 
itself,  as  represented  in  fig.  156. 

These  tracts  from  the  internal  capsule  reach  the  base  of  the  brain  after 
passing  between  the  grey  masses  of  the  ’tween-brain  and  fore-brain,  and 
there  constitute  the  pes  pedunculi  or  crusta,  Pp.  We  can  picture  to  our- 
selves the  displacement  which  the  fibres  undergo,  by  imagining  that  the 
whole  crusta  is  slightly  twisted,  its  hindmost  fibres  (5),  to  which  we  have 
ascribed  sensory  functions,  appearing  in  horizontal  section  on  the  lateral 
side  of  the  crusta,  its  anterior  fibres  ( 1 ) on  the  mesial  side,  and  the  inter- 
mediate bundles  (2,  S,  4,)  maintaining  the  same  sequence  as  before. 

Thus  in  the  crescent-shaped  cross-section  of  the  crusta,  proceeding  from 
within  outwards,  we  find : — 

1.  The  frontal  pontine  tract  (1).  After  disease  of  the  frontal  lobe  or 
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the  anterior  part  of  the  inner  capsule,  this  tract  degenerates  as  far  as  the 
pons,  but  not  farther,  and  ends  in  the  ventral  cell-group  there  (fig.  155,  ob — 
nr'p).  Generally,  however,  a thin  tract  of  fibres  on  the  inner  border  of  the 
crus  is  exempt  from  degeneration.  To  this  we  must  allow  a different  course, 
unknown  as  yet. 

2.  Next  comes  the  cortico-bulbar  tract  (2),  connecting  the  cortex  with 
the  motor  nerves  (trigeminus,  abducens,  facialis,  glossopharyngeus,  vagus, 
hypoglossus)  which  take  origin  in  the  region  of  the  medulla  oblongata.  It 
is  very  probable  that  all  these  fibres  turn  first  mesially  and  then  dorsally 
in  or  immediately  below  the  region  of  the  pons,  cross  in  the  raphe,  and 
finally  reach  the  motor  nuclei  of  the  nerves  in  question,  to  influence  the 
cells  of  origin  by  means  of  their  arborescent  processes,  either  directly  or 
through  intercalary  cells.  Similar  conditions  must  exist  for  the  nucleus 
nervi  oculomotorii,  only  in  that  case  the  fibres  must  have  left  the  tract 
higher  up  (fig.  155,  c1,  n1,  p1). 

3.  Next  in  order  comes  the  region  of  the  spinal  cortico-muscular  tracts, 
the  pyramidal  tract  proper  (starting  from  c2,  c3  ,c4).  If  we  divide  the 
cross-section  of  the  crus  into  three  equal  parts,  this  tract  would  roughly 
correspond  to  the  middle  third  (according  to  Charcot  to  its  two  middle 
fourths,  according  to  Zacher  to  the  second  fourth  only,  counting  from  the 
lateral  side).  The  mesial  part  of  this  region  ( 3 ) is  probably  occupied  by 
the  tracts  which  supply  the  upper  extremity,  the  lateral  part  by  those 
which  supply  the  lower. 

The  circumstance  that  the  movements  of  the  upper  extremity  are  not 
only  more  completely  subordinate  to  the  will  than  those  of  the  lower  but 
are  also  far  more  varied,  delicate,  and  complicated,  gives  a certain  value  to 
the  supposition  of  Onanoff  and  Blocq  that  five  times  as  many  pyramidal 
fibres  are  destined  for  the  former  as  for  the  latter. 

Owing  to  the  far  from  parallel  course  of  the  fibres  in  the  crusta  (they 
tend  to  converge  inwards  in  their  course  spine  wards),  it  may  easily  happen 
that  many  degenerated  bundles  remain  hidden  in  its  depth,  so  that 
only  a triangular  grey-coloured  area  shows  from  the  surface  in  certain 
cases  of  descending  degeneration  of  the  pyramidal  tracts ; the  apex  of 
the  triangle  points  towards  the  pons,  its  base  is  covered  by  the 
optic  tract. 

4.  Laterally  from  the  pyramidal  tracts  we  may  expect  to  find  the  con- 
ducting paths  of  muscle-sensibility  (^). 

5.  The  lateral  bundles  of  the  crusta  (5)  can  be  followed  brainwards 
into  the  sensory  region  of  the  internal  capsule.  Most  likely  they  all,  or  at 
least  the  majority  of  them,  take  rise  at  the  level  of  the  pons.  Usually  they 
are  spared  in  secondary  descending  degeneration ; in  exceptional  cases, 
however,  as  Kreuser  has  observed,  they  are  drawn  into  an  extensive  descend- 
ing degeneration,  a circumstance  which  may  be  regarded  as  opposed  to  their 
sensory  interpretation. 

The  denotation  of  these  tracts  as  Turck’s  bundle,  sometimes  adopted, 
should  be  avoided,  since  the  name  is  usually  applied  to  the  anterior 
pyramidal  tract. 
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This  temporal  pontine  tract  is  supposed  to  extend  to  the  dorsal  nerve- 
cell  groups  of  the  pons  ( Jelgersma ),  while  the  frontal  pontine  tract, 
as  already  mentioned,  ends  in  the  ganglia  of  the  pons  seen  in  cross-section 

on  the  ventral  side  of  the  pyramids. 

G.  In  the  most  cerebral  part  of  the  crusta  we  find,  in  its  lateral  angle, 
another  bundle  (6),  which  curls  around  the  outer  side  of  the  crus  down- 
wards and  inwards,  so  that  it  has  reached  its  mesial  border  by  the  time  it 
arrives  at  the  upper  edge  of  the  pons.  It  then  turns  dorsalwards 
and  passes  into  the  region  of  the  fillet,  and  becomes  thenceforward  the 
mesial  portion  of  the  mesial  fillet  (bundle  from  the  crus,  mesial  pontine 
bundle  of  the  fillet,  faisceau  en  echarpe).  It  remains  intact  when  other 
parts  of  the  crus  degenerate  downwards,  and  can  then  be  distinguished 
from  the  grey  degenerated  columns  on  which  it  lies  as  a conspicuous  white 
band.  In  many  animals  this  bundle  attains  to  a very  striking  development 
relatively  to  the  slender  crus.  Its  brainward  course  is  not  known. 

7.  Between  these  parts  of  the  crusta  and  the  substantia  nigra  Soem- 
meringi  (SnS),  which  lies  to  its  dorsal  side,  we  observe  in  the  cross-section 
a crescent-shaped  tract  of  fine  fibres,  the  stratum  intermedium  (7).  A 
connection  certainly  exists  between  these  fibres  and  the  cells  of  the 
substantia  nigra.  They  are  said  to  come  down  from  the  basal  ganglia. 

Following  the  crusta  downwards,  we  see  that  all  the  fibres  which 
compose  it  enter  the  pons  (fig.  155,  Pu)  and  that  the  bundle  which 
appears  as  its  continuation  on  the  ventral  side  of  the  pons  (the  pyramid, 
Pi/)  is  greatly  diminished  in  size.  This  is  because  the  fibres  classed  under 
1,  2,  and  S have  been  lost  in  the  pons  in  the  manner  described.  We 
cannot  tell  with  certainty  whether  any  of  the  fibres  belonging  to  the 
pyramidal  region  proper  end  in  the  pons. 

If  a cross-section  through  the  pons  be  examined,  numerous  clumps  of 
grey  substance  very  rich  in  small  cells  are  seen  lying  among  the  cross-cut 
bundles  which  are  descending  from  the  brain  to  the  medulla,  as  well  as 
among  the  fibres  from  the  cerebellum  to  the  pons,  which  are  here  cut 
lengthways.  These  cells  (fig.  155,  np  and  nr'p)  send  out  very  fine  nerve- 
fibres  which  turn  ventral  wards,  usually  with  an  inclination  inwards,  and, 
after  crossing  the  middle  line,  constitute  the  contra-lateral  brachium 
pontis  and  enter  the  cerebellum  (67;).  A small  number  of  them  are 
lost  in  the  brachium  pontis  of  the  same  side  {Ramon  y Cajal).  Since  the 
pyramidal  fibres  are  supposed  to  give  off  numerous  collaterals  within  the 
pons,  which  break  up  among  the  neighbouring  cell-groups,  a close  connec- 
tion is  thus  provided  between  the  cerebrum  and  the  contra-lateral  hemi- 
sphere of  the  cerebellum.  Other  fibres  of  the  pons,  distinguished  by  their 
larger  calibre  and  earlier  acquisition  of  the  myelin-sheath,  seem  to  take 
origin  in  Purkinje’s  cells  of  the  cerebellum.  They  are  found  chiefly 
in  the  deeper  (dorsal)  parts  of  the  pons,  cross  the  middle  line  there,  and 
turn  dorsalwards  in  the  region  of  the  tegment.  Opinions  differ  as  to  the 
fate  of  these  fibres.  Some  of  them  are  prolonged  into  the  raphe  tegmenti, 
and,  according  to  Bechierew,  find  their  destination  for  the  present  in  the 
groups  of  nerve-cells  which  lie  on  either  side  of  the  raphe  (nucleus  reticu- 
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laris  tegmenti  pontis),  Nrtg,  fig.  141.  According  to  Ramin  y Cajal, 
most  of  them  divide  in  the  lateral  part  of  the  tegment  into  an  ascending 
and  a descending  branch,  of  which  the  former  is  the  thicker. 

It  has  already  been  mentioned  that  the  frontal  and  temporal  pontine 
tracts  end  (or,  it  may  be,  originate)  in  the  cell-groups  of  the  pons.  Van 
Gehuchten  is  of  opinion  that  descending  fibres  of  two  kinds  originate  from 
the  motor  region  of  the  cortex,  one  descending  to  the  cord  (cortico-spin.al 
fibres),  the  other  ending  in  the  nuclei  of  the  pons  (cortico-cerebellar 
fibres). 

The  pyramids,  which  we  see  pass  downwards  from  the  ventral  side  of 
the  pons  in  the  form  of  compact  columns  (the  diameter  of  that  on  the  left 
invariably  exceeding  that  of  the  right  by  from  11  to  14  mm.,  according 
to  Galtei),  quickly  diminish  in  cross  - section  as  they  sink  into  the 
medullary  substance,  and  disappear  from  the  surface  completely  at  the 
lower  end  of  the  medulla  oblongata. 

This  disappearance  is  largely  due  to  the  fact  that  in  the  depth  of  the 
medulla,  before  reaching  the  central  canal,  most  of  the  fibres  of  the 
pyramids  cross  the  middle  line  (decussatio  pyramidum)  and  enter  the 
lateral  column  on  the  opposite  side. 

The  crossing  of  the  lateral  tracts  extends  to  the  level  of  the  second 
cervical  nerves,  decussatio  pyramidum,  DP.  Histologically,  it  is 
characterised  by  the  fact  that  the  fibres  which,  descending  backwards 
and  medianwards,  cross  one  another  in  this  decussation,  do  not  cross 
as  isolated  fibres  but  in  bundles ; this  gives  rise  to  a peculiar  appear- 
ance in  cross-section  (figs.  132,  133),  something  like  what  is  known  as 
herring-bone  pattern. 

It  is,  however,  unusual  for  all  the  fibres  of  the  pyramids  to  enter  this 
decussation  and  so  constitute  the  lateral  pyramidal  tract  ( PyS ) of  the 
opposite  side.  A portion  of  the  tract  does  not  cross,  but  runs  directly 
caudalwards  in  the  anterior  column  ( PyV ) of  the  same  side. 

The  relative  size  of  the  crossed  and  uncrossed  portions  of  the 
pyramidal  tracts  within  the  spinal  cord  and  at  the  decussation  is  sub- 
ject to  numerous  individual  differences.  F/echsig  has  made  it  the 
subject  of  detailed  communications.  Both  anterior  and  lateral  tracts 
are  found  in  the  majority  of  spinal  cords  (75  per  cent.)  ; the  lateral  is 
so  much  the  larger,  however,  that  beneath  the  decussation  it  usually 
gets  from  91  to  97  per  cent,  of  all  the  pyramidal  fibres,  while  the  anterior 
tract  only  gets  from  3 to  9 per  cent.  Nevertheless,  this  relation  is  exceed- 
ingly variable;  it  may  happen  that  all  the  pyramidal  fibres  cross  (total 
decussation  in  11  per  cent,  of  all  spinal  cords),  in  which  case  no  an- 
terior tract  comes  into  existence ; on  the  other  hand,  this  total  crossing 
may  only  affect  the  pyramidal  fibres  of  one  side.  Further,  it  may 
happen  that  nine-tenths  of  the  fibres  of  the  pyramid  remain  on  the 
same  side  in  the  anterior  tract,  and  only  one-tenth  passes  across  the 
middle  line  to  the  opposite  lateral  tract.  In  the  latter  case,  the 
opposite  lateral  pyramidal  tract  appears  abnormally  small,  while  the 
anterior  tract  of  the  same  side  is  conspicuous  for  its  great  size.  A 
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symmetrical  disposition  of  the  two  tracts  on  each  side  occurs  in  only 
60  per  cent,  of  all  cases ; in  the  remaining  40  per  cent,  the  one  pyramid 
is  not  split  into  anterior  (direct)  and  lateral  (crossed)  tracts  in  the  same 
proportion  as  the  other. 

In  descending  degeneration  after  unilateral  lesions  of  the  brain  we 
almost  always  observe  a more  or  less  noticeable  loss  of  fibres  in  the 
lateral  pyramidal  tract  of  the  same  side  (fig.  122),  and  we  are  therefore 
justified  in  assuming  that  a varying,  though  usually  small,  proportion  of 
the  pyramidal  fibres  enter  the  lateral  pyramidal  column  without  crossing. 
This  view  is,  in  fact,  capable  of  direct  demonstration  in  preparations 
of  degenerated  tissue. 

The  lateral  pyramidal  tract  decreases  constantly  in  cross-section 
downwards  to  the  caudal  end  of  the  cord,  the  reduction  proceeding 
most  rapidly  in  the  swellings.  The  reason  of  this  is  that  the  fibres 
turn  successively  in  a mesial  direction  and  enter  the  grey  substance 
of  the  anterior  horn  (?t2,  n3,  n4),  where  they  break  up  into  arborescent 
systems.  It  has,  indeed,  generally  been  taken  for  granted  that  they 
there  joined  the  motor  cells  of  the  anterior  horn  directly,  but  the  recent 
supposition  of  Monakow  that  Golgi’s  cells  are  intercalated  between  the 
ends  of  the  pyramidal  fibres  and  the  cells  of  the  anterior  horn  seems 
not  without  foundation.  Even  in  successful  Marchi’s  preparations, 
which  would  be  best  adapted  for  the  purpose,  no  pyramidal  fibres  can 
be  seen  to  bend  round  directly  into  the  anterior  horn. 

We  have  also  learnt  that  single  fibres  of  the  lateral  pyramidal  tract 
cross  the  middle  line  in  the  anterior  commissure,  and  thus  arrive  at 
the  mesial  cell-group  (n3)  of  the  contra-lateral  anterior  horn. 

The  anterior  pyramidal  tract  can  hardly  ever  be  followed  as  far  as 
the  upper  dorsal  cord.  The  most  probable  theory  seems  to  be  that  its 
fibres  pass  by  degrees,  by  way  of  the  anterior  commissure,  Coa,  and 
through  the  grey  substance,  into  the  lateral  pyramidal  column  of  the 
opposite  side.  The  possibility  that  some  of  them  enter  into  direct 
relations  with  the  cells  of  the  anterior  horn  on  either  side  must  be 
taken  into  account. 

From  the  cells  of  the  anterior  horn  we  see  the  fibres  of  the  anterior 
spinal  roots  issue  (p2,  p3,  p4),  the  great  majority  of  them  being  destined 
for  voluntary  muscles.  Thus  it  is  seen  that  the  pyramidal  tract  is  a 
long  unbroken  fibre-route  between  the  cells  of  the  cortex  of  the  great 
brain  (especially  that  part  of  it  to  which  we  attribute  motor  functions) 
and  the  cells  of  origin  of  the  motor  nerves.  For  the  larger  part  this 
connection  is  a crossed  one ; some  fibres,  however,  run  without  cross- 
ing. The  cortico-muscular  tract  consists,  therefore,  of  two  sets  of  con- 
stituents or  neurons  : (1)  cells  of  the  cortex  with  the  pyramidal  fibres  which 
rise  from  them  ; and  (2)  cells  of  the  anterior  horn  (and  the  correspond- 
ing cells  of  the  nuclei  of  the  cerebral  nerves),  with  the  peripheral  motor 
fibres  which  extend  to  the  muscles. 

The  pyramidal  fibres,  however,  are  supposed  to  give  off  collaterals 
on  their  way  from  the  cortex  to  the  motor  cells  of  the  cord,  more 
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especially  during  their  passage  through  the  pons.  It  has  already  been 
mentioned  that  these  collaterals,  by  joining  on  to  the  cells  of  the 
ganglia  of  the  pons,  form  the  connecting  link  with  the  contra-lateral 
hemisphere  of  the  cerebellum.  In  tho  spinal  cord  also,  at  least  in 
the  embryo,  the  pyramidal  fibres  are  rich  in  collaterals. 

Wherever  the  pyramidal  tract  is  injured,  either  in  its  course  or  in 
the  cerebral  region  into  which  it  extends,  the  lesion  forms  the  startiug- 
point  of  descending  degeneration.  This  advances  uninterruptedly  down 
the  cord,  but  stops  short  of  the  cells  of  the  anterior  horn.  But  even 
after  spinal  lesions  the  cross-section  shows  a considerable  number  of 
sound  fibres  in  the  degenerated  area.  These  perhaps  represent  a 
system  independent  of  the  pyramids. 

Certain  differences  which  fall  under  observation  in  the  areas  which 
degenerate  after  cerebral  and  spinal  lesions  have  already  been  pointed 
out. 

Meynert  has  called  attention  to  the  fact  that  in  Man,  as  in  all  other 
mammals,  the  cross-section  of  the  crusta  greatly  exceeds  in  extent  that 
of  the  tegment,  a fact  of  great  importance  which  must  be  mentioned  in 
this  place,  since  the  pyramidal  tracts  constitute  a considerable  portion 
of  the  crusta.  Spitzka  has  found  that  not  only  has  the  dolphin,  which 
is  destitute  of  hind  limbs,  rudimentary  pyramids,  but  the  same  con- 
dition obtains  also  in  the  elephant  and  armadillo.  On  the  other  hand, 
in  the  seal,  which  is  also  -provided  with  the  mere  rudiments  of  ex- 
tremities, the  pyramids  are  relatively  larger  than  in  the  dog,  although 
the  brains  of  the  two  animals  appear  to  be  closely  related  in  internal 
structure  ( Hatschek ). 

The  higher  the  animal  stands  in  the  scale  the  greater  is  the  part 
played  by  the  pyramids  in  the  performance  of  voluntary  movements, 
as  would,  indeed,  be  expected  from  these  details  of  structure.  But, 
as  the  experiments  of  Wagner  and  Starlinger  convincingly  demonstrate, 
they  are  by  no  means  the  only  motor  tracts  which  convey  impulses 
from  the  cortex  to  the  muscle-system,  since  after  complete  severance 
of  the  pyramids  in  the  dog  its  movements  are  hardly  to  be  distinguished 
from  those  of  the  uninjured  animal. 

It  has  already  been  pointed  out  (p.  236)  that  in  many  animals  the 
pyramidal  tracts  run  either  entirely  or  in  part  in  the  posterior  columns. 

Again,  attention  must  be  called  to  the  fact  that  the  pyramidal 
tracts  first  become  medullated  in  the  centrum  semiovale,  and  that  the 
myelination  proceeds  from  above  downwards,  taking  several  weeks  to 
reach  the  lumbar  cord. 

2.  The  Posterior  Columns  and  the  Tracts  derived  from 
them.— A great  part  of  the  fibres  of  the  posterior  columns  stand  in 
direct  relation  with  the  posterior  roots.  The  bulk  of  the  fibres  here 
met  with  must  be  looked  upon  as  the  intramedullary  continuation  of 
the  posterior  root-fibres  which  rise  in  the  cells  of  the  spinal  ganglia ; 
not  of  those  only  which  ascend  directly  to  the  brain  (or,  in  some  cases, 
descend  caudalwards),  but  also  of  their  collaterals.  1 o certain  regions  of 
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the  cross-section,  such  as  the  ventral  posterior  column-field,  Schultze’s 
comma,  and  the  dorso-mesial  sacral  bundle,  a different  meaning,  as  we 
have  seen,  must  be  ascribed. 

In  the  medulla  oblongata,  as  we  know,  the  posterior  columns  swell 
out,  owing  to  the  deposition  in  them  of  certain  grey  masses  (nuclei 
funiculi  gracilis  et  cuneati),  Nc,  Ng  (fig.  158).  lhe  cells  of  these 
grey  masses  come  into  relation  vrith  the  arborescent  processes  of  the 
ascending  fibres  of  the  posterior  columns.  Both  nuclei,  considcied  to- 
gether, may  be  termed  shortly  the  nuclei  of  the  posterior  columns.  1 he 
grey  substance  of  the  nucleus  funiculi  gracilis  forms  a fairly  uniform 
continuous  mass ; that  of  the  nucleus  funiculi  cuneati  is  divided  into 
distinct  and  irregular  groups,  containing  both  large  and  small  cells. 
The  larger  are  found  chiefly  in  the  lateral  goups  (nucleus  funiculi 
cuneati  exterior)  and  extend  farther  brainwards  than  the  groups  of 
small  cells.  They  must,  according  to  the  data  already  given,  be  looked 
upon  as  sensory  nuclei  for  the  muscle-sense  of  the  extremities. 
Burdach’s  nucleus  is  supposed  to  be  in  relation  with  the  upper  limb; 
Goll’s  nucleus  with  the  lower  limb. 

The  fibres  coming  out  of  these  nuclei,  the  indirect  connections  of  the 
posterior  columns,  that  is  to  say,  go  partly  to  the  corpora  quadri- 
gemina  and  the  great  brain  vid  the  fillet ; partly  to  the  cerebellum 
vid  its  inferior  peduncle,  the  corpus  restiforme.  We  must,  therefore, 
leaving  out  of  account  some  less  well-known  connections,  consider  these 
two  separately. 

(ci.)  The  Fillet. — The  term  fillet  (lemniscus,  laqueus,  ruban  de 
Beil)  was  originally  applied  to  the  triangular  area  on  the  surface  of 
the  crus,  which  extends  downwards  and  backwards  from  the  posterior 
tubercle  of  the  corpora  quadrigemina.  Latterly  the  term  fillet  has 

been  made  to  include  also  other  allied  fibre-tracts.  This  composite 
system  has  been  divided  in  several  ways  without  anything  like  uniformity 
in  nomenclature.  The  difficulties  which  beset  the  subject  are  due  as 
much  to  a confusion  of  names  as  to  a complexity  of  structure.  We 
will  here  distinguish  twro  main  divisions,  the  mesial  (or  superior)  and  the 
lateral  (or  inferior)  fillet.  We  are  still,  however,  far  from  understanding 
the  origin  and  destination  of  all  its  fibres.  The  part  of  the  fillet  best 
established  is  that  which  is  in  indirect  connection  with  the  posterior 
columns  of  the  spinal  cord ; this  is  our  reason  for  considering  it  here. 

First  we  will  turn  our  attention  to  the  mesial  fillet  ( Limn ),  which 
extends  much  further  down  than  the  other. 

We  have  seen  that  arcuate  fibres  extend  from  the  nuclei  of  the 
posterior  columns,  and  probably  also  from  the  substantia  gelatinosa  of 
the  fifth  and  ninth  cranial  roots,  ventrally  towards  the  middle  line. 
Many  of  these  fibres,  especially  those  which  are  found  at  the  spinal  end 
of  the  medulla  oblongata  (fig.  134),  arch  round  the  central  canal  in  a bold 
curve  and  take  up  their  position  after  crossing  (decussation  of  the  fillets, 
DLm)  on  the  dorsal  side  of  the  pyramids  in  the  inter-olivary  region  or 
‘fillet  layer’  (fig.  134  et  seq.,  Lin).  Further,  it  is  probable  that  a small 
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Fig.  158. — Plan  of  the  central  connections  of  the  posteiior  columns. — Osp,  Ganglion 
spinale  (l,  lumbalis  ; d,  dorsalis  ; c,  cervicalis) ; OCl,  Clarke’s  columns  ; KS,  lateral 
cerebellar  tract  ; O,  Goll’s  column  ; B,  Burdach’s  column  ; Ng,  nucleus  gracilis  ; 
Nc,  nucleus  cuneatus  ; DLm,  decussatio  lemnisci  ; Crst,  corpus  restiforme  ; Narc, 
nucleus  arcuatus  ; Oi,  inferior  olive  ; Os,  superior  olive  ; Lmm,  mesial  fillet  ; 
Lml,  lateral  fillet ; Nil,  nucleus  of  lateral  fillet ; Qp,  Qa,  posterior  and  anterior 
corpora  quadrigemina  ; Tko,  thalamus  opticus  ; Cc,  cortex  cerebri. 
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proportion  of  them  do  not  enter  the  decussation,  but  pass  into  the  fillet 
on  the  same  side.  The  fibres  of  the  fillet  may,  perhaps,  be  joined  by 
fibres  from  the  anterior  column.  Edinger  regards  this  accession  as  the 
central  sensory  tract  of  the  spinal  nerves,  composed  of  fibres  which  take 
origin  in  the  posterior  horn,  cross  in  the  anterior  commissure,  and  so 
reach  the  anterior  column. 

In  sections  nearer  the  brain  (figs.  135,  136)  we  see  the  fibrin  arcuatse 
internee  (/at)  sweeping  down  in  finer  bundles,  and  some  of  them  in  wider 
curves.  Some  are  collected  into  the  mesial  region  of  the  medulla 
oblongata  (near  the  substantia  reticularis  alba)  to  the  dorsal  side  of  the 
proper  inter-olivary  layer,  and  there  bend  round  brainwards ; others  keep 
the  horizontal  direction,  and,  as  we  shall  presently  see,  join  the  corpus 
restiforme  on  the  opposite  side.  The  fibrse  arcuatse  which  take  origin  in 
the  cells  of  Burdach’s  column  arc  the  first  to  be  myelinated  (in  the  seventh 
month  of  embryonic  life) ; the  fibres  from  Goll’s  columns  do  not  acquire 
the  myelin  sheath  till  the  ninth  month  ( Edinger , though  Bechterew  places 
it  earlier). 

The  cross-section  of  the  mesial  fillet  lying  in  the  ventral  part  of 
the  tegment,  where  it  is  pierced  by  fibres  of  the  corpus  trapezoides,  Tr 
(fig.  139  et  set].),  can  be  followed  into  the  mid-brain  as  a transversely 
placed  oval  field  lying  on  the  dorsal  side  of  the  pons  (figs.  154  and  158,  Lm). 
The  lateral  half  of  this  area  is  supposed  to  originate  from  the  nucleus 
cuneatus,  the  mesial  half  from  the  nucleus  gracilis.  One  can  recognise  a 
steady  increase  in  the  size  of  this  field,  which  enlargement  must  be 
attributed  to  the  accession  of  new  fibres  of  doubtful  origin.  Possibly 
the  fibres  of  the  pons  which  ascend  through  the  raphe  to  the  fillet  may 
bring  an  accession  from  the  cerebellum.  It  is  a more  important  circum- 
stance, however,  that  most  sensory  nuclei  have  crossed  connections  with  the 
fillet,  and  this,  even  apart  from  its  origin  in  the  posterior  columns,  would 
mark  it  as  a sensory  tract.  Near  the  middle  of  the  cross-section  of  the 
fillet  little  clumps  of  nerve-cells  occur  (called  by  Roller  the  ‘fillet-nuclei,’ 
nuclei  lenmisci  mediales),  which  may  be  regarded  as  the  centres  of 
origin  of  fillet-fibres.  Bechterew  finds  a double  accession  of  fibres  from 
his  nucleus  reticularis  tegmenti  pontis,  Nrtg  (fig.  141).  From  the 
crusta,  too,  fibres  are  said  to  ascend  and  mingle  with  the  fillet  (the 
scattered  fasciculi  of  the  fillet).  These  are  not  medullated  at  birth. 

Among  the  fibres  of  the  fillet  we  observe  (especially  at  the  level 
of  the  corpora  quadrigemina)  many  large  bundles  of  finer  fibres ; whence 
it  is  clear  that  fibres  of  different  kinds  take  their  separate  course  through 
the  region  of  the  mesial  fillet.  We  may,  therefore,  take  for  granted 
that  numerous  short  tracts  run  uncrossed  throughout  the  region  of  the 
fillet.  Another  uncrossed  portion  of  the  fillet  consists  of  a bundle  which 
originates  in  part  in  the  medulla  oblongata  (fillet  of  the  crusta,  mesial 
pontine  bundle  of  the  fillet).  Farther  up  it  lies  on  the  mesial  border  of 
the  fillet,  and  turns  ventralwards  in  the  vicinity  of  the  anterior  margin 
of  the  pons.  This  bundle  passes  round  the  crus  cerebri  in  the  manner 
described  on  p.  284.  Under  the  name  of  the  lateral  pontine  bundle 
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Uchlesinger  describes  fibres  which  first  come  into  view  in  the  uppermost 
planes  of  the  medulla  oblongata,  and  increase  in  size  rapidly  in  the 
vicinity  of  the  pons,  where  they  occupy  the  ventral  portion  of  the  fillet 
in  the  middle  third  of  its  breadth.  These  fibres  (lemniscus  accessorius 
of  Bechterew ) also  pass  into  the  crusta  in  the  uppermost  planes  of  the 
pons.  Schlesinger  thinks  that  in  the  last-named  bundle  we  have  the 
cerebral  connections  of  the  sensory  nerves,  while  Hoche  prefers  to  suppose 
that  they  contain  the  central  connections  of  the  facial  and  hypoglossal 
nerves. 

At  the  level  of  the  exit  of  the  trigeminus,  and  directly  its  end  nuclei 
have  disappeared,  another  part  of  the  fillet  becomes  conspicuous  at  the 
side  of  the  section,  the  lateral  fillet,  Lml.  Since  the  parts  of  the  mesial 
fillet  which  lie  nearest  the  middle  line  now  become  increasingly  distinct 
from  the  rest,  the  section  is  naturally  disposed  in  three  divisions  (fig. 
116)  : — (1)  The  most  mesial  bundle,  called  the  bundle  from  the  fillet  to 
the  crusta,  LmP ; (2)  the  mesial  fillet,  Linin',  (3)  the  lateral  fillet,  Lml. 
The  nucleus  of  the  lateral  fillet  (nucleus  lemnisci  lateralis,  fig.  144, 
Nlml,  and  fig.  158,  Nil)  yields  numerous  fibres  to  the  lateral  fillet,  as 
does  also  the  upper  olive,  Os.  It  receives,  too,  a considerable  addition 
from  the  corpus  trapezoides  and  the  stria)  medullares  nervi  acustici  on  the 
other  side  ( Monalcow ).  The  lateral-fillet-nucleus  corresponds  in  position 
to  the  upper  olive,  the  cerebral  end  of  which  it  almost  reaches.  To 
this  is  added  the  accession  from  the  nucleus  reticularis  before  mentioned. 
The  lateral  fillet,  which,  as  it  covers  the  brachium,  is  the  part  visible  on 
the  exterior,  extends  to  the  corpora  quadrigemina  post.  (Qp),  and  crosses  in 
part  above  the  aqueduct.  A portion  of  it  even  extends  to  the  anterior 
corpora  quadrigemina.  Feld  found  fibres  which,  starting  from  the  lateral 
fillet,  pass  on  the  ventral  side  of  the  posterior  longitudinal  bundle  to  the 
contra-lateral  posterior  corpora  quadrigemina.  Thus  a double  crossed 
connection  exists  between  the  lateral  fillet  and  the  corpora  quadrigemina. 
The  lateral  fillet  is  also  called  the  inferior  fillet,  while  the  mesial  fillet,  a 
great  part  of  which  can  be  followed  cerebrahvards  as  far  as  the  great  brain, 
is  also  known  as  the  superior  fillet. 

Fibres  from  the  lateral  column  of  the  cord  also  enter  the  nucleus 
reticularis,  and  we  may  consider  that  thus  a connection  is  established 
between  the  lateral  column  and  the  posterior  corpus  quadrigeminum. 

Another  connection,  between  this  last  and  the  lateral  column  on  the 
same  side,  is  formed  by  a bundle  of  fibres  which  can  be  followed  caudal- 
wards  from  the  lateral  nucleus  of  the  fillet.  Passing  to  the  lateral  side  of 
the  nucleus  facialis,  and  on  between  the  upper  olive  and  the  spinal  root 
of  the  trigeminus,  it  forms  a not  very  compact  bundle  in  the  middle  of 
the  lateral  column  (lateral  fillet  tract  of  Ferrier  and  Turner). 

The  most  mesial  bundle  of  the  mesial  fillet  becomes  distinctly  separate 
from  the  rest  in  the  region  of  the  corpora  quadrigemina,  and  turns  at  once 
ventral  wards  to  the  crusta,  following  the  proximal  border  of  the  pons  (cf. 
fig.  148).  Hence  it  is  sometimes  called  the  bundle  of  the  crusta,  or  mesial 
accessory  bundle  of  the  fillet. 
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The  principal  part  of  the  upper  or  mesial  fillet  turns  dorsally  under 
the  anterior  corpus  quadrigeminum  to  form  its  white  matter,  just  in 
the  same  way  as  the  lateral  fillet  has  been  seen  to  do  with  regard  to 
the  posterior  tubercle.  Possibly  a part  of  the  fibres  lying  above  the 
aqueduct  arc  continued  across  the  middle  line  to  the  tubercles  of  the 
opposite  side,  but  whether  or  not  they  extend  into  the  brachia  cor- 
porum  quadrigeminorum  is  uncertain.  A considerable  remnant  of  the 
fillet  is  to  be  traced  still  farther  brainwards,  on  the  outer  side  and  a 
little  dorsally  to  the  red  nucleus,  as  a feebly  marked  half-moon-shapcd 
bundle  (fig.  149,  Lm),  mixed  with  the  fibres  which  stream  out  from  the 
nuclei  of  the  regio  subthalamica.  These  fibres,  or  at  least  the  greater 
number  of  them,  end  in  the  ventral  part  of  the  thalamus,  Tho  (inclusive, 
according  to  Dtjerine,  of  the  centre  median). 

Flechsig  and  Hiisel  have  stated  that  a very  considerable  part  of  the 
fillet  streams  directly  into  the  cortex,  but  the  results  obtained  by  all  later 
observers  ( Mtthaim , Dtjerine,  Bikeles,  Bielschowslcy,  Monakow,  and  others) 
oblige  us  to  conclude  that  the  fibres  which  do  so  form  a very  insignificant 
part  of  the  mesial  fillet,  and  that  the  ventral  and  lateral  parts  of  the  optic 
thalamus  must  be  regarded  as  the  main  terminus  for  such  part  of  it 
as  passes  beyond  the  corpora  quadrigemina.  There  are,  indeed,  fibres 
which  start  from  cells  in  this  region  and  stream  into  the  cortex,  Cc 
(parietal  lobe?).  We  cau  therefore  speak  of  a fillet  of  the  cortex  in 
the  sense  that  impulses  conducted  ceutripe tally  through  certain  fibres  of 
the  mesial  fillet  do  finally  reach  the  cortex  by  way  of  the  cells  of  the 
thalamus. 

Secondary  degeneration  of  the  fillet  never  occurs  as  a consequence  of 
lesion  of  the  cortex  of  the  brain.  Only,  when  the  injury  is  of  very  long 
standing,  a simple  atrophy  or  attenuatiou  of  single  fibres  may  be  observed. 
This  seems  to  prove  that  the  tract  connecting  the  cortex  and  fillet  must 
consist  of  several  neurons.  The  same  result  has  been  produced  by  experi- 
ments upon  young  animals. 

If  the  fillet  itself  is  injured,  both  ascending  and  descending  degenera- 
tion may  be  observed.  Formerly  the  latter  was  supposed  to  be  the  rule. 
Of  course,  wheu  the  seat  of  the  injury  is  at  the  point  where  the  fillet 
streams  into  the  thalamus,  only  descending  degeneration  must  be  looked 
for.  It  will  not,  however,  be  very  extensive  at  the  lower  levels ; certainly 
less  so  than  if  the  injury  were  nearer  the  cord,  say,  in  the  region  of 
the  pons.  In  the  former  case  the  part  of  the  fillet  which  ends  before 
reaching  the  thalamus,  in  the  corpora  quadrigemina,  for  instance,  is  un- 
affected. Dejerine  explains  this  circumstance  on  the  assumption  that 
here  we  have  to  do  with  cellipetal  degeneration,  which  is  more  complete 
according  to  the  propinquity  of  the  lesion  to  the  cells  of  origin,  especially 
if  the  latter  lie  in  the  posterior  columns. 

When,  however,  the  mesial  fillet  is  injured  in  its  course,  it  comes  to 
grief  principally  in  the  upward  direction,  which  is  properly  the  direction 
of  cellifugal  degeneration.  The  same  thing  happens  if  the  lesion  affects 
the  inter-olivary  layer,  or  the  arcuate  fibres  from  the  nuclei  of  the  posterior 
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column  (as  in  syringo-myelia),  or  the  nuclei  themselves.  This  degenera- 
tion can  never  be  followed  beyond  the  thalamus  opticus. 

It  is  certain  that  in  the  mesial  fillet  we  have  one  of  the  most  important 
of  the  sensory  tracts,  perhaps  the  principal  conducting-path  of  muscle- 
sensibility.  With  regard  to  the  conducting-paths  for  skin-sensibility,  we 
have  so  far  no  adequate  grounds  on  which  to  base  any  conclusion. 

Neither  can  we  say  positively  whether  any  descending  fibres  (taking 
origin,  perhaps,  in  the  cells  of  the  thalamus)  run  their  course  in  the  fillet. 

The  lateral  fillet  stands  in  intimate  relation  to  the  sense  of  hearing,  and 
will,  therefore,  be  more  fully  described  in  connection  with  the  auditory 
nerve. 

( b .)  The  Inferior  Peduncle  of  the  Cerebellum. — The  connection 
of  the  posterior  column  with  the  cerebellum  is  effected  by  a part  of  the 
peduncle  of  the  latter  (corpus  restiforme  or  inferior  peduncle).  The 
passage  over  from  the  posterior  column  to  the  peduncle  of  the  cerebellum 
is  not,  however,  so  simple  as  a superficial  examination  of  the  medulla 
would  lead  one  to  suppose. 

Into  the  constitution  of  the  cerebellar  peduncle  enter — (1)  fibres  which 
conduct  impulses  upwards  from  the  spinal  cord,  both  from  its  lateral 
column  and  from  its  posterior  column ; (2)  fibres  from  the  inferior  olivary 
nucleus  (olivary  cerebellar  tract). 


i.  Its  Spinal  Constituents. 

(a.)  The  fibres  derived  from  the  lateral  column  constitute  the  lateral 
cerebellar  tract,  KS  (fig.  158,  1),  which  we  will  again  mention  later  on. 
The  fibres  which  compose  it  are  early  invested  with  the  myelin  sheath, 
and  are  conspicuous  even  at  birth  by  their  colour  when  treated  by  methods 
of  medullary-sheath  staining.  They  then  form  the  central  region  of  the 
cross-section  of  the  cerebellar  peduncle.  It  is  supposed  that  the  restiform 
body  receives  a further  accession  of  fibres  from  the  nucleus  of  the  lateral 
column  which  lies  fairly  near  to  the  lateral  cerebellar  tract  (figs.  135-137, 
Nit). 

(b.)  The  constituent  of  the  restiform  body  derived  from  the  posterior 
column  is  a very  considerable  one ; partly  direct,  partly  crossed ; 
Durkschewitscli  and  Freud  have  again  pointed  out  the  importance  of 
the  uncrossed  connection,  which  had  for  a long  time  been  overlooked. 
They  have  shown  that  the  corpus  restiforme  receives  a much  more 
considerable  accession  of  fibres  from  the  nuclei  of  the  posterior  column 
of  the  same  side,  especially  from  Burdach’s  nucleus  (fig.  158,  Crst,  2,  3), 
than  it  does  from  the  arcuate  fibres ; the  latter  extend  a short  distance 
on  the  posterior  aspect  of  the  periphery  of  the  medulla,  and  connect  the 
restiform  body  with  Goll’s  nucleus  (fibrsc  arcuatae  extern®  posteriores). 
At  the  higher  levels  of  the  nuclei  of  the  posterior  columns,  it  can  be 
shown  that  they  decrease  as  fast  as  the  corpus  restiforme  grows ; the  latter 
occupies  the  place  of  the  successively  disappearing  clumps  of  grey  matter 
(c/.  figs.  136,  137,  138).  In  the  nucleus  cuneatus,  only  the  large  cells 
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are  supposed  to  give  origin  to  fibres  which  proceed  to  the  corpus  resti- 
forme. 

The  restiform  body  receives  a further  reinforcement  of  fibres  from  the 
posterior  column  by  a round-about  way  through  the  fibraj  arcuatse  internee 
(figs.  135,  136,  Fat),  which  constitute,  as  has  already  been  briefly  explained 
(p.  309),  the  proximal  continuation  of  the  crossed  fillet.  Collected  in 
slender  bundles,  they  traverse  in  graceful  curves  nearly  the  whole 
interval  between  the  pyramids  and  the  nerve-nuclei  on  the  floor  of  the 
fourth  ventricle.  Not  a few  of  them  pass  through  the  olivary  nucleus 
(fig.  139),  but,  apparently,  without  forming  connections  with  it.  In  this 
way  they  reach  the  raphe,  and  immediately  turn  ventralwards,  cross,  and 
pass  downwards  on  either  side  of  it,  often  in  massive  bundles.  The  mesial 
periphery  of  the  contra-lateral  pyramid  reached,  they  sweep  onwards  over 
the  surface  of  the  pyramid  of  the  opposite  side  and  over  the  olive  to  the 
corpus  restiforme.  These  are  the  fibr®  arouatse  externa)  anteriores 
(fig.  158,  4)-  Thus  they  connect  the  posterior  column  with  the  corpus 
restiforme  of  the  opposite  side.  Certain  small  collections  of  grey  matter, 
as  well  as  the  larger  nucleus  pyramidal  is  anterior  (nucleus  arciformis), 
are  imbedded  in  the  course  of  these  fibres  (fig.  135  and  the  following  figs., 
Narc;  fig.  158,  Nar).  The  largest  cells  lie  in  the  centre  of  the  nucleus 
( Mingazzini ).  It  is  certain  that  some  fibnc  arcuatse  end  and  others 
originate  in  the  anterior  pyramidal  nuclei,  which  are  precursors  of  the 
nuclei  of  the  pons.  Between  them  and  the  olivary  nucleus,  round  which 
they  take  their  subsequent  course,  there  is  everywhere  interposed  a layer 
of  fibres  (the  ‘ fleece  ’ or  stratum  zonale  olivse)  which  forms  its  immediate 
envelope. 

A tolerably  large  proportion  of  the  fibrae  arcuatse  externa)  take  origin 
in  the  nuclei  of  the  lateral  column.  These  fibres  are  said  to  form  the 
dorsal  boundary  of  the  nucleus  arcuatus  (stratum  dorsale  of  Mingazzini) 
and  to  be  principally  connected  with  its  superior  or  cerebral  half. 

2.  Olivary  Constituent. 

(r.)  The  olivary  portion  of  the  corpus  restiforme  is  also  constituted  in 
a complicated  way. 

The  olivary  nucleus  (inferior  olive,  figs.  135,  139,  and  154)  appears 
on  cross-section  as  a double  sinuous  plicated  band,  of  which  the  two 
segments  are  united  laterally,  but  are  open  towards  the  middle  line.  As 
a whole,  the  inferior  olive  may  most  readily  be  compared  to  a bag,  the 
mouth  of  which  is  only  partly  drawn  together,  the  hole  into  it  (hilum) 
being  directed  medianwards.  The  thickness  of  the  band  is  almost  uniform 
throughout,  between  0'3  and  0‘4  mm.  With  slight  magnification  one  can 
see  that  numerous  nerve-bundles,  some  of  them  very  considerable,  like  the 
hypoglossal  root,  traverse  the  substance  of  the  olive.  The  nerve-cells  of 
the  olive  are  round  or  somewhat  fusiform,  slightly  pigmented,  and  almost 
all  of  the  same  size  (12  to  20  p in  diameter).  They  are  fairly  evenly 
distributed  throughout  the  grey  band,  although  occasionally  some  cells  lie 
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outside  the  grey  substance.  Besides  the  bundles  of  fibre's  which  pierce 
the  grey  band  in  a horizontal  or  longitudinal  direction,  a rich  network 
of  medullated  nerve  can  be  shown  to  exist  within  the  grey  substance 
of  the  olive.  The  silver-method  of  impregnation  exhibits  the  characteristic 
shape  of  the  cells  of  the  olivary  nucleus.  Especially  striking  is  the  abund- 
ance of  dendrites,  which  branch  out  into  a peculiarly  rich  tangled 
network.  The  axis-cylinder  processes  start  in  every  conceivable  direction, 
but  for  the  most  part  end  by  turning  towards  the  raphe,  probably  to 
reach  the  contra-lateral  corpus  restiforme.  Some  of  these  fibres  arc  said, 
however,  to  pass  into  the  corpus  restiforme  of  the  same  side  ( Ramdn  y 
Cajal).  Moreover,  quantities  of  fibres,  from  within  and  from  without, 
pass  into  the  grey  substance  of  the  olive  (Kdlliker’s  internal  fibres),  and 
break  up  into  very  rich  end-ramifications  among  its  cells.  The  two 
accessory  olives  exhibit  a similar  structure. 

In  no  animals  do  we  find  the  plaitings  of  the  olivary  nuclei  as 
delicate  or  abundant  as  in  Man.  The  accessory  olives  exhibit,  more- 
over, very  different  degrees  of  development  in  different  animals.  In 
the  dolphin,  for  instance,  the  anterior  accessory  olives  are  represented 
by  two  massive  rounded  bodies,  which  might  easily  be  mistaken  for  the 
pyramids. 

Numerous  groups  of  fibres  come  out  of  the  hilum  (they  constitute  the 
peduncle  of  the  olive) ; others  envelop  its  outer  side,  the  individual  fibres 
having  a horizontal  direction  (stratum  zonale).  Lastly,  a considerable 
number  of  fibres  extend  from  the  stratum  zonale  to  the  restiform  body, 
passing  by  the  outer  border  of  the  spinal  root  of  the  trigeminus  (figs. 
136,  137). 

It  is  not  possible  by  anatomical  methods  to  distinguish  between  the 
several  sets  of  fibres  described  above.  We  must  be  influenced  in  this 
matter  by  pathological  observations,  the  most  notable  being  that  when 
one  side  of  the  cerebellum  atrophies  the  opposite  olive  atrophies  also. 

It  would  seem  that  the  course  of  the  fibres  connecting  the  olive  with 
the  corpus  restiforme  is  as  follows  : — The  fibres,  which  take  origin  in  the 
olive,  come  out  of  the  hilum  and  pass  through  and  on  the  ventral  side  of 
the  anterior  accessory  olive  (which  here  consists  only  of  a dorso-ventral 
part)  towards  the  raphe.  There  they  cross  the  middle  line  obliquely, 
piercing  the  contra-lateral  olive  for  the  most  part,  and  also  taking  part 
in  the  formation  of  its  stratum  zonale  (fig.  158,  5).  These  fibres,  most 
of  which  are  coarse,  form  undulating  bundles  on  their  way  from  the  olive 
to  the  corpus  restiforme  of  the  same  side  ; some  of  them  running  on  the 
mesial  side  of  the  substantia  gelatinosa,  some  through  it  and  through  the 
spinal  root  of  the  fifth  nerve,  and  others,  finally,  on  the  lateral  side  of 
the  fifth  nerve  to  the  periphery.  All  but  the  last-named  belong,  like  the 
fibres  of  the  fillet,  to  the  fib  raj  arcuat®  intern® ; but,  while  the  fibres 
belonging  to  the  fillet  are  myelinated  in  the  seventh  month  of  foetal  life, 
those  of  the  olive  and  the  corpus  restiforme  do  not  acquire  their  sheaths 
till  later.  The  only  connection  that  has  been  proved  in  the  case  of  the 
inferior  olive  is  the  crossed  (and,  to  a much  smaller  extent,  uncrossed) 
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connection  with  the  cerebellum.  Others  must  surely  exist,  but  at  present 
they  are  unknown. 

Kolliker  and  Held,  in  opposition  to  most  writers,  hold  that  the  fibres 
connecting  the  olive  and  cerebellum  take  origin  in  the  Purkinje’s  cells  of 
the  latter  and  end  in  the  former.  They  would  thus  represent  a centii- 
fugal  portion  of  the  corpus  restiforme.  According  to  Kolliker,  the  nerve- 
processes  of  the  olivary  cells  become  fibres  which  cross  in  the  raphe, 
descend  as  longitudinal  fibres  into  the  lateral  column,  and  finally  reach 
the  motor  nuclei  of  the  cord. 

Bechterew  and  Flechsig  have  described  a connection  between  the 
inferior  olive  and  the  nucleus  lenticularis  vid  the  central  tegmental  tract. 
This  bundle  is  gradually  formed  on  the  lateral  and  dorsal  surface  of  the 
inferior  olive,  passes  between  the  mesial  fillet  and  the  superior  olive  (figs. 
140  and  141  cH),  continues  its  course  towards  the  cerebrum  on  the  lateral 
side  of  the  posterior  longitudinal  bundle,  and,  lastly,  enters  the  ansa  lcnti- 
cularis  and  the  posterior  commissure  ( Helweg ).  The  central  tegmental 
tract  is  rarely  distinctly  marked  in  adult  brains. 

The  inferior  peduncle,  formed  by  the  union  of  all  the  tracts  of  fibres 
above  described,  soon  enters  the  substance  of  the  cerebellum  (figs.  141, 
143),  in  which  its  further  course  can  only  be  followed  by  embryological 
methods. 

According  to  Edinger,  the  spinal  portion  of  the  restiform  body  is 
destined  for  the  vermis,  whilst  the  olivary  elements  form  the  bundles  of 
fibres  which  surround  the  corpus  dentatum  as  its  ‘ stratum  zonalc.’ 
Further  details  will  be  mentioned  in  connection  with  the  cerebellum.  The 
tracts  of  fibres  which  pass  from  the  fifth  and  eighth  nerves  into  the 
cerebellum  are  also  frequently  reckoned  to  the  corpus  restiforme.  Thus 
we  see  that  the  corpus  restiforme  contains  (perhaps  entirely  consists  of) 
numerous  centripetal  tracts  which  end  in  the  cerebellum.  We  shall 
return  to  the  question  of  its  significance  when  we  come  to  treat  of  the 
cerebellum. 

3.  The  Lateral  Cerebellar  Tract. — The  facts  known  with  regard 
to  this  may  be  recapitulated  here  in  a few  words  (fig.  158,  1).  The 

lateral  cerebellar  tract  receives  its  fibres  from  Clarke’s  column,  where,  as 

we  know,  posterior  root-fibres  terminate.  Its  conspicuously  large  fibres 
pass  laterally  to  the  periphery  of  the  lateral  column,  and  there  turn 
hrainwards.  When  it  reaches  the  medulla  the  lateral  cerebellar  tract 
inclines  obliquely  across  the  spinal  root  of  the  fifth  towards  the  dorsal 
surface  (figs.  136,  137) ; gradually  the  other  constituents  of  the  inferior 
cerebellar  peduncle  apply  themselves  to  it ; and  its  fibres,  which  retain 
throughout  their  remarkable  thickness,  finally  end,  after  a fairly-simple 
course,  in  the  vermis.  The  lateral  cerebellar  tract  is,  therefore,  an  un- 
crossed path  between  the  posterior  roots  and  the  cerebellum.  The  fact 

that  it  degenerates  upwards  indicates  that  we  are  to  look  upon  it  as  a 
centripetal  conducting  system.  The  lateral  cerebellar  tract  is  very  early 
myelinated  (in  the  beginning  of  the  sixth  month  of  embryonic  life, 
Bechterew).  Some  fibres,  commonly  known  as  the  ventral  fibres  of  the 
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lateral  cerebellar  tract,  belong,  in  all  probability,  to  Gowers’  bundle,  and 
will  be  described  in  connection  with  it.  In  the  dog,  Pellizzi  finds  another 
and  smaller  mesial  tract,  which  does  not  pass  over  into  the  corpus  resti- 
forme,  but  enters  the  cerebellum  by  way  of  the  braohium  pontis  above 
the  point  of  exit  of  the  trigeminus. 

Some  fibres  of  this  region  appear  to  degenerate  downwards  also. 
After  the  removal  of  the  cerebellum  Marchi  found  degenerating  fibres 
throughout  almost  the  whole  of  the  anterior  column,  and  more  especially 
in  its  peripheral  part. 

The  descending  degeneration  is  explained  by  Lenhossek  on  the  ground 
of  the  fork-like  division  of  the  fibres  where  they  enter  the  white  substance. 

4.  Gowers’  Tract.— This  bundle  makes  its  first  appearance  in  the 
lower  lumbar  cord,  considerably  farther  down,  that  is  to  say,  than  the  lateral 
cerebellar  tract,  and  increases  in  size  as  it  advances  brainwards.  Its  fibres 
probably  take  origin  from  cells  inside  the  anterior  column  of  the  same 
side  and  also  (through  the  anterior  commissure)  from  some  in  the  contra- 
lateral column  ( Edinger , Guarneri  and  Bignami,  Mott) ; they  collect 
together,  for  the  most  part,  on  the  periphery  of  the  lateral  column,  forming, 
as  is  were,  a continuation  of  the  lateral  cerebellar  tract.  The  fibres  which 
have  been  mentioned  as  the  ventral  portion  of  the  lateral  cerebellar  tract 
are  probably  identical  with  this  bundle,  which  Gowers  named  the  ascend- 
ing antero-lateral  column,  and  Beehterew  the  anterior  external  lateral- 
column  bundle.  It  is  narrowest  near  the  anterior  roots  and  widens  out 
dorsalwards.  Whether  it  extends  beyond  the  anterior  roots  to  reach  the 
periphery  in  the  sulcus  anterior  is  as  yet  uncertain. 

Beclitereic  places  the  terminus  of  this  tract  in  the  medulla  oblongata ; 
but  it  is  certain  that  a considerable  part  of  it  (in  the  ape,  dog,  cat,  rabbit, 
as  well  as  in  Man)  can  be  followed  farther  brainwards,  lying  to  the  ventral 
side  of  the  corpus  restiforme  and  the  dorsal  side  of  the  olive.  This  body 
of  fibres  pierces  the  corpus  trapezoideum  and  then  proceeds,  between  the 
roots  of  the  nervus  abducens  and  nervus  facialis,  to  the  region  of  the 
corpora  quadrigemina.  Here  it  bends  round  in  a loop  and  streams  into 
the  cerebellum.  Thus,  like  the  lateral  cerebellar  tract,  Gowers’  bundle 
forms  an  important  connection  between  the  cerebellum  and  cord.  Another 
part  of  it  seems  to  ascend  still  farther  brainwards. 

Gowers’  bundle  in  the  embryo  is  myelinated  in  the  eighth  month,  later, 
that  is  to  say,  than  any  other  constituent  of  the  lateral  column  except 
the  lateral  pyramidal  tract. 

This  region  of  the  cross-section  frequently  degenerates  upwards,  as,  for 
example,  in  compression-myelitis ; but  it  seems  to  be  included  only  at  a 
very  advanced  stage  of  the  disease  ( Francotte ).  In  cases  of  tabes  with 
very  marked  sensory  phenomena,  ascending  degeneration  of  Gowers’  bundle 
has  several  times  been  observed.  Some  fibres  have  been  found  degenerat- 
ing downwards  in  this  region.  Becliterew  attributes  to  this  tract  the 
function  of  transmitting  sensations  of  pain. 

5.  The  rest  of  the  Anterior  and  Lateral  Columns— In  this 
paragraph  we  shall  include  all  those  tracts  which  have  not  found  a place 
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hitherto.  As  far  as  a division  into  short  and  long  tracts  is  allowable,  we 
may  say  that  we  have  here  to  deal  with  short  tracts,  fibres  which  come 
out  of  the  grey  matter  (fig.  11G,  21,  22),  to  enter  it  again  after  a short 
longitudinal  course,  forming  in  this  way  connections  between  segments 
of  the  spinal  cord  at  various  heights. 

All  the  several  constituents  of  the  cord  which  are  here  described  can 
be  followed,  at  any  rate,  as  far  as  the  proximal  end  of  the  mid-brain,  within 
the  substantia  reticularis  of  the  tegment ; not  that  we  wish  to  imply  by 
this  statement  that  each  individual  fibre  has  anything  like  such  an  extensive 
course  as  this ; rather  are  the  several  tracts  made  up  of  fibres  frequently 
disappearing  to  be  replaced  by  new  ones,  so  that  no  essential  alteration 
in  the  cross-section  of  the  tracts  need  necessarily  occur  at  any  particular 
height. 

The  ground-bundle  of  the  anterior  column  is  the  one  most  easily 
followed  brainwards.  We  have  already  seen  that  this  bundle,  VG,  is  a 
little  displaced  by  the  crossing  of  the  pyramids  (fig.  132  et  seq.).  Farther 
forwards  the  inter-olivary  layer  made  by  the  crossing  of  the  fillets  presses 
the  anterior  ground-bundle  together  with  a portion  of  the  lateral  column 
dorsally,  the  three  together  forming  the  substantia  reticularis  alba  (formatio 
reticularis  medialis).  The  most  ventral  portion  of  the  substantia  reticularis 
alba  (the  inter-olivary  layer)  has  already  been  traced  upwards  in  the  fillet. 
The  middle  portion  corresponds  to  the  part  of  the  lateral  column  just 
mentioned ; to  it  certain  bundles  of  fibres  originating  in  the  nuclei  of  the 
posterior  column  join  themselves,  while  the  most  dorsal  section  of  the 
substantia  reticularis  alba,  which  is  sharply  marked  off  from  the  grey 
matter  on  the  floor  of  the  fourth  ventricle,  is  developed  from  the  anterior 
ground-bundle.  It  may  be  mentioned  herebefore  hand  that  the  middle 
portion  which  is  formed  out  of  the  remains  of  the  lateral  column  seems 
to  end,  above  the  origin  of  the  hypoglossal  nerve,  in  those  grey  masses 
(nuclei  centrales  inferiores  of  Roller,  figs.  138,  139,  Net)  which  lie  up 
against  the  raphe  on  either  side  the  middle  line,  and  separate  the  fillet 
from  the  continuation  of  the  anterior  ground-bundle,  VG,  which  henceforth 
receives  the  name  ‘posterior  longitudinal  bundle.’ 

The  posterior  (or  mesial)  longitudinal  bundle,  Ftp  (fig.  1 38  et  seq. 
and  fig.  154),  can  be  followed  as  far  as  the  auterior  corpus  quadrigeminum 
It  forms  a bundle,  very  distinct  in  cross-section,  which  lies  on  either  side 
of  the  raphe,  beneath  the  grey  matter  of  the  fourth  ventricle  and  the 
aqueduct  of  Sylvius.  Its  ventral  edge  is  never  sharply  defined,  for  it 
cannot  be  separated  from  the  other  longitudinal  bundles  of  the  tegment 
with  which  it  mingles.  It  is  very  difficult  to  trace  the  posterior  longitudinal 
bundle  beyond  the  oculomotor  nucleus.  A portion  of  it  is  supposed  to 
pass  over  into  the  posterior  commissure. 

AVith  regard  to  the  origin  and  course  of  the  fibres  of  the  posterior 
longitudinal  bundle  the  greatest  diversity  of  opinion  prevails,  nor  has  the 
question  been  satisfactorily  settled  by  the  recent  researches  of  Held,  Cramer 
KoUilcer,  v.  Gehuchten,  and  Ravion  y Cajal.  One  fact  of  undeniable 
importance  is  that  it  is  myelinated  very  early,  shortly  after  the  root-fibres 
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It  is  also  certain  that  degeneration  proceeds  both  upwards  and  downwards 
(nearly  to  the  cervical  swelling)  in  it. 

There  can  be  no  doubt  that  it  comes  into  relation  with  the  various 
nerve-nuclei  of  the  brain-stem,  either  by  receiving  fibres  from  them,  or  by 
coming  in  contact  with  their  cells  directly  or  through  collaterals.  The 
most  plausible  theory  is  that  its  fibres  take  origin  in  sensory  end-nuclei 
and  end  (with  or  without  crossing)  in  motor  cells  of  origin.  It  would 
thus  represent  the  simplest  form  of  sensory-motor  reflex  tract.  The 
existence  of  collaterals  connecting  the  fibres  of  this  bundle  with  the  nuclei 
of  the  oculomotor  nerves  may  be  taken  as  proved.  It  dwindles  rapidly 
in  the  region  of  the  oculomotor  nucleus;  and  it  is  very  probable  that 
many  of  its  stem-fibres  end  there.  Ramon  y Cajal  draws  attention  to 
some  fibres  which  take  origin  in  the  large-celled  auditory  nucleus  (nucleus 
vestibularis),  and,  after  crossing  the  middle  line,  continue  their  course 
brainwards  in  the  posterior  longitudinal  bundle.  By  giving  off  collaterals 
which  approach  the  oculomotor  cells,  they  are  supposed  to  furnish  an 
anatomical  basis  for  the  well-known  compensatory  movements  of  the  eye 
in  vertigo. 

The  anterior  part  of  the  posterior  longitudinal  bundle  appears  to  arise 
in  a group  of  large  cells  situate  in  the  central  grey  substance  of  the  third 
ventricle,  a little  in  front  of  the  anterior  commissure  (nucleus  fasciculi 
longitudinalis  superior  of  Edinger).  Kollilcer  supposes  that  a part  of  the 
bundle  crosses  on  the  dorsal  side  of  the  corpus  mammillare,  while  the  larger 
portion  is  lost  on  the  mesial  and  ventral  side  of  the  red  nucleus. 

It  seems  also  to  receive  fibres  from  other  regions,  such  as  the  corpora 
quadrigemina.  The  fact  that  its  size  in  cross-section,  which  represents 
the  sum  of  the  fibres  contained  in  it,  is  variable,  and  largest  in  the  middle, 
points  to  the  conclusion  that  only  a portion  of  the  fibres  run  through  its 
whole  length,  and  that  a great  number  of  short  fibres  enter  into  its 
composition. 

It  has  been  asserted  that  the  posterior  longitudinal  bundle  consists 
chiefly  of  fibres  destined  to  connect  the  nerve-nuclei  of  the  eye-muscles. 
But  we  see  that  in  the  mole,  though  the  oculomotor  nucleus  is  altogether 
absent,  the  posterior  longitudinal  bundle  is  as  well  developed  as  in  the 
rabbit.  This  has  led  to  a denial  that  any  relation  exists  between  it  and 
those  nuclei.  In  the  lizard  the  posterior  longitudinal  bundles  are  very 
thick  and  conspicuous,  owing  to  their  coarse  fibres,  and  can  be  followed 
for  the  whole  length  of  the  cord.  They  enter  into  relation  with  the 
anterior  commissure  of  the  cord. 

After  removal  of  one  hemisphere  of  the  cerebellum,  Marchi  observed 
very  conspicuous  degeneration  of  the  posterior  longitudinal  bundle  of  the 
same  side,  and  in  a slighter  degree  of  the  contra-lateral  bundle.  We  have 
as  yet  no  certain  knowledge  of  how  this  degeneration  comes  about. 

Of  the  fibres  of  the  remainder  of  the  lateral  column  we  know  that  they 
take  origin  from  cells  most  of  which  lie  in  the  middle  parts  of  the  grey 
substance  of  the  cord,  and  bend  round,  some  upwards,  some  downwards. 
The  greater  number  of  them  constitute  short  tracts,  though  many  fibres 


FIBRES  OF  LATERAL  COLUMN  OF  THE  CORD. 


319 


continue  their  conrse  as  far  as  the  medulla  oblongata.  Here  they  probably 
end  in  those  cells  in  the  substantia  reticularis  alba  which  Kolliker  includes 
under  the  name  of  isolated  cells  of  the  substantia  reticularis.  In  some 
places  these  cells  are  grouped  together,  forming  the  conspicuous  masses 
of  grey  substance  which  we  have  learnt  to  know  as  the  nuclei  centralis 
inferior  et  superior  and  the  nucleus  of  the  tegment  ( Bechterew ).  Thus  it 
comes  about  that  the  fibres  from  the  lateral  column  of  the  cord,  which  in 
lower  planes  of  section  yield  a large  proportion  of  the  longitudinal  fibres 
of  the  tegment,  are  steadily  reduced  in  number  as  they  approach  the 
brain  and  become  very  scarce  by  the  time  the  region  of  the  corpora 
quadrigemina  is  reached. 

In  the  region  of  the  corpora  quadrigemina  where  the  brachia  conjunc- 
tiva force  themselves  into  the  tegment,  taking  up  a great  part  of  its  area 
in  Man,  only  a very  small  number  of  longitudinal  fibres,  as  a matter  of 
fact,  remain  over  from  the  formatio  reticularis,  apart  from  the  posterior 
longitudinal  bundle  and  the  fillet.  An  ill-defined  small  bundle  of  medul- 
lated  nerves  may  be  pointed  out  on  the  lateral  side  of  the  posterior  longi- 
tudinal bundle,  Fcop  (fig.  149).  According  to  Wernicke's  researches  this 
bundle  bends  towards  the  middle  line  in  front  of  the  corpora  quadrigemina, 
crossing  over  in  the  roof  of  the  most  anterior  portion  of  the  aqueduct  of 
Sylvius.  After  helping  to  form  the  posterior  commissure,  it  reaches  tho 
optic  thalamus  of  the  opposite  side,  in  which  it  ends. 

Throughout  the  whole  extent  of  the  cross-section  of  the  tegment,  the 
longitudinal  fibres,  which  are  early  myelinated,  run  separately  or  in  small 
bundles  only.  It  must,  however,  be  pointed  out  that  the  lateral  columns 
are  by  no  means  the  only  source  which  supplies  these  more  scattered  fibres 
of  the  tegment.  Their  number  is  increased  by  accessions,  from  various 
quarters,  the  complement  from  the  central  tegmental  tract  being  probably 
the  most  important.  Numbers  of  these  fibres  cross  the  middle  line  in  tho 
vicinity  of  the  anterior  corpora  quadrigemina,  some  near  the  basis  cerebri 
on  the  ventral  side  of  the  red  nucleus  ( Ford's  ventral  tegmental  decussa- 
tion), others  more  dorsally  beneath  the  posterior  longitudinal  bundle 
( Meynert’s  fontanal  tegmental  decussation),  F and  M (fig.  149). 

The  fibres  here  described  (under  5)  belong  almost  exclusively  to  short 
tracts,  so  that  extensive  secondary  degeneration  is  to  be  looked  for  only  in 
exceptional  cases.  The  fasciculus  intermedio-lateralis  alone  degenerates  a 
long  way  down  in  lesions  of  the  cord.  It  lies  in  front  of  the  lateral,  pyra- 
midal tract. 
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B.  THE  CRANIAL  NERVES. 

In  studying  the  cranial  nerves  we  must  first  determine  in  what  cell- 
groups  they  originate  or  end.  Next,  we  must  try  to  discover  the  most 
important  connections  which  bring  these  cell-groups  into  functional  rela- 
tions with  other  regions  of  the  central  nervous  system,  and  especially  with 
the  cortex.  Strictly  speaking,  we  should  restrict  the  name  ‘ nerve-nucleus  ’ 
(nucleus  of  origin)  to  those  groups  from  which  a nerve-root  arises  in  such  a 
way  that  each  single  fibre  represents  the  prolonged  axis-cylinder  processes 
of  a cell.  For  the  sake  of  a more  convenient  terminology,  we  may,  how- 
ever, include  the  collections  of  cells  in  which  peripheral  (sensory)  nerve- 
roots  break  up  under  the  title  of  nerve-nuclei  or  end-nuclei.  The  name 
‘ nucleus  of  origin  ’ must  not,  however,  be  applied  to  them. 

I.  Nervus  Olfactorius. — The  central  apparatus  of  the  sense  of 
smell  may  be  regarded  in  Man,  not  only  as  a relatively  feeble  organ,  the 
development  of  wdiicli  has  been  arrested,  but  as  an  organ  affected  in  the 
adult  by  a distinct  retrogressive  atrophic  process  in  additiou  to  its  genetic 
inferiority.  In  its  want  of  development  it  resembles  the  corpus  callosum 
of  lower  mammals,  which  may  be  almost  or.  completely  absent. 

Not  only  is  the  olfactory  bulb  in  Man  undeveloped,  but  its  atrophy  is 
evidenced  by  the  numerous  amyloid  bodies  to  be  found  in  the  course  of  the 
cerebral  connections  of  the  adult  olfactory  nerves. 

In  studying  the  central  organs  of  the  sense  of  smell,  it  is  well  to  employ 
not  only  the  human  brain,  but  also  the  brains  of  animals  in  which  the 
sense  of  smell  is  well  developed ; e.g.,  carnivora  and  rodents. 

The  olfactory  organs  are  very  ill-developed  in  apes  as  well  as  in  the 
aquatic  predatory  mammalia ; in  many  cetacea,  the  dolphin,  for  example, 
the  whole  olfactory  apparatus  is  absolutely  wanting. 

[The  nature  of  the  sense  served  by  the  olfactory  membrane  in  the 
several  classes  of  vertebrates  offers  much  room  for  speculation.  In  fishes 
the  membrane  and  its  central  connections  are  well  developed.  In  lacer- 
tilia  and  ophidia  not  only  is  the  olfactory  membrane  highly  organised,  but 
it  also  presents  a further  specialised  portion,  the  organ  of  Jacobson,  of  much 
greater  sensitiveness  than  the  rest  (Beard).  The  relative  development  of 
the  membrane  is  fairly  constant  throughout  the  four  lower  classes  of  verte- 
brates, whether  aquatic  or  terrestrial ; as  soon,  however,  as  a mammal  takes 
to  the  water  its  olfactory  organs  dwindle.  In  the  otter  they  are  very  ill- 
developed  ; in  sirenia  still  more  rudimentary  ; in  cetacea  they  are  practi- 
cally absent  in  the  adult.  A consideration  of  the  alteration  in  character 
which  the  sense  of  smell  must  undergo  to  adapt  it  from  a power  of  appreci- 
ating the  quality  of  substances  in-  solution  in  water,  to  a power  of  re- 
cognising substances  suspended  in  air,  raises  a doubt  as  to  whether  the 
sense  is  fundamentally  the  same  in  the  two  cases.  As  is  well  known,  the 
olfactory  membrane  of  the  mammal  is  quite  insensible  to  the  action  of 
the  most  strougly-odorous  bodies  when  presented  to  it  in  solution  in 
water.  On  the  other  hand,  an  air-breathing  animal,  when  under  water, 
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would  be  incapable  of  using  its  olfactory  organ  without  such  an  adaptation 
of  the  apparatus  as  would  allow  of  the  renewal  of  the  water  in  contact  with 
the  olfactory  membrane  without  its  passing  into  the  lungs.  Since  this 
arrangement  has  not  come  into  existence  the  olfactory  membrane  is  useless.] 
Broca  and  Turner  divide  the  mammalia  into  osmatic  and  anosmatic 
animals,  according  as  the  sense  of  smell  is  well  developed,  or  ill  developed 


bulbus  olfactorius;  Trot,  tractus  olfactorius ; Cja,  commissura  anterior;  Th, 
thalamus  opticus  ; Cc,  cortex  of  the  temporal  lobe ; 1 to  C,  the  six  layers  of  the 
bulbus  olfactorius. 

The  peripheral  nerves  of  smell,  no,  originate  in  the  pigmented  regio 
olfactoria  of  the  Schneiderian  membrane.  The  olfactory  cells,  which  lie 
among  the  epithelial  cells,  are  very  poor  in  protoplasm,  and  have  two 
processes ; the  thicker  is  short  and  extends  to  the  free  surface  of  the 
mucous  membrane,  the  thinner  is  the  central  process  and  passes  over 
into  a nerve  fibre  under  the  epithelial  layer  (cf.  fig.  159,  Ep).  These 
fibres  of  the  olfactory  nerve  are  non-medullated,  and  pass  through  the 
perforations  of  the  cribriform  plate  into  the  interior  of  the  skull-case, 
where  they  attach  themselves  to  a greyish-yellow,  rounded  body  of  small 
size  in  Man,  the  bulbus  olfactorius,  Bol  (caruncula  mammillaris,  lobe 
olfactif),  fig.  160. 

The  olfactory  bulb  lies  on  the  orbital  surface  of  the  frontal  lobe,  at 
the  front  of  the  sulcus  olfactorius.  It  is  free  on  all  sides,  with  the 
exception  of  its  attachments  to  the  olfactory  nerves,  and  a strong 
stalk  or  peduncle  which  runs  backwards  to  join  with  the  rest  of  the 
brain,  the  tractus  olfactorius,  Trail. 

The  fine  anatomy  of  the  olfactory  bulb  is  best  studied  in  sagittal 
sections  through  this  structure  in  the  dog  (figs.  161,  162,  and  163).  On 
slight  magnification  we  see,  if  the  section  runs  through  the  middle  of 
the  bulb,  b,  and  the  tract,  t,  that  a fine  canal,  V,  traverses  the  tract 
almost  as  far  as  the  front  of  the  bulb.  In  frontal  section  this  canal 
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proves  to  have  the  form  of  a transversely-disposed  slit  (ventriculus 
bulbi  olfactorii).  It  communicates  with  the  lateral  ventricle  of  the 
brain  [by  a narrow  slit-like  opening  on  the  inner  side  of  the  head  of  the 
nucleus  caudatus].  The  bulbus  olfactorius  covers  the  tract  as  with  a 
hood. 

The  bulbus  olfactorius  exhibits  a complicated  stratification,  the  mean- 
ing of  which  is  only  revealed  by  stronger  magnification  (fig.  162),  and  can 


Fig.  160. — A portion  of  the  base  of  the  left  hemisphere  in  front  of  the  optic  chiasm. 
The  apex  of  the  temporal  lobe  is  cut  away. — Pp,  Pes  pedunculi ; Cm,  corpus 
mammillare ; The,  tuber  cinereum ; T II,  tractus  opticus ; ch,  chiasma ; II, 
nervus  opticus  ; T,  temporal  lobe ; U,  uncus ; Am,  nucleus  amygdaleus ; Spa, 
substantia  perforata  anterior ; Lt,  lamina  terminalis  ; Coa,  bulging  forward 
of  the  grey  commissure  of  the  floor  produced  by  the  anterior  commissure ; 
Pspl,  pedunculus  septi  pellucidi ; Sim,  sulcus  medius  subst.  perf.  ant.  ; lice, 
rostrum  corporis  callosi ; Gee,  genu  corp.  callosi ; Nl,  nervus  Lancisii ; M, 
incisura  pallii  ; F,  frontal  lobe ; Bo l,  bulbus  olfactorius ; Trol,  tractus 
olfactorius. 

be  mo(st  clearly  understood  by  the  application  of  the  silver-method  of 
impregnation  (see  also  fig.  159).  First  comes  the  enveloping  pia  mater, 
p,  which  does  not,  however,  appear  as  a continuous  layer,  as  shown  in  the 
picture,  but  is  rather  torn  into  many  pieces  by  the  numerous  olfactory 
fibres  which  enter  the  bulb.  Large  vessels  from  the  pia  mater  sink  into 
the  bulb.  The  first  nervous  layer  is  made  up  of  the  very  fine  bundles  of 
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the  olfactory  nerve  (1),  which  after  passing  the  pia  mater  run,  as  a rule, 
some  distance  in  a sagittal  direction,  so  that  they  are  cut  across  in  trans- 
verse section. 

The  second  layer  (stratum  glomerulosum)  is  already  very  conspicuous 
with  a low  power.  It  is  formed  of  peculiar  globular  masses  (glomeruli), 
005  to  030  mm.  in  diameter,  fairly  closely  packed  together. 

The  large  vessels  which  enter  from  the  pia  tend  to  apply  themselves 
closely  to  the  glomerulus  to  which  they  give  off  line  branches.  The 
glomeruli  are  separated  from  surrounding  structures  by  a more  or  less 
broad  layer  of  granules,  of  which  we  know  little  beyond  the  fact  that  they 
stain  intensely  by  the  usual  methods  of  nuclear  staining. 


Fig.  161. — Sagittal  section  of  the 
bulbus  olfactorius  of  the  dog. 
Magn.  4. — b,  Bulbus  olfactorius; 
t,  tractus  olfactorius ; V.  ventri- 
culus  olfactorius. 


Fig.  162. — Portion  of  a sagittal  section  of 
the  olfactory  bulb  of  the  dog. — P,  Pia 
mater ; 1,  layer  of  peripheral  nerve- 
fibres  ; 2,  stratum  glomerulosum,  at  x 
fibres  are  seen  streaming  out  of  the 
first  layer  into  a glomerulus  ; 3,  stratum 
moleculare ; 4,  nerve-cell  layer ; 5, 
stratum  granulosum  ; 6,  medullary 

substance  ; e,  ependyma  ; V,  ventricle. 


The  staining-metliods  formerly  in  vogue  showed  no  differentiation  in 
the  glomerulus,  so  that  it  was  a matter  of  extreme  difficulty  to  recognise 
the  minute  structure  of  these  round  bodies.  Not  rarely  (even  in  carmine- 
stained  preparations)  bundles  of  fibres  from  the  first  layer  were  seen  to 
enter  the  glomerulus  (as  at  p.  162),  but  here  they  were  lost  in  the  finely 
granulated  mass  which  appears  to  constitute  the  glomerulus,  and  in  which 
only  scattered  nerve-cells  are  visible. 

Only  by  the  silver-method  of  impregnation  is  their  minute  structure 
revealed.  With  its  aid  we  see  that  the  olfactory  fibres  from  the  peripheral 
layer  enter  the  glomerulus  and  break  up  into  richly  ramified  arborescent 


32G 


OLFACTORY  BULB. 


systems.  Thus  they  come  in  contact  with  other  ramifications  belonging 
to  the  dendrites  of  the  large  nerve-cells  of  the  fourth  layer,  of  which  I 
shall  speak  later.  Each  scattered  nerve-cell  of  the  third  layer  also  sends 
a dendrite  into  a glomerulus.  It  must  not  be  supposed,  however,  that 
only  one  olfactory  fibre  enters  each  glomerulus,  for  quite  a little  bundle  is 
assigned  to  each.  Apart  from  direct  demonstration  (which  is  not  always 
easy  in  silver  preparations),  this  follows  from  the  circumstances  that  the 
fibres  far  outnumber  the  glomeruli.  The  third  layer  or  stratum  molecu- 
lare  (stratum  gelatinosum),  3,  is  about  O' 3 mm.  thick.  Here  we  find  some 
fibres  which  l-adiate  upwards  from  the  medullary  nucleus  of  the  bulb. 
Some  of  these  lose  the  myelin-envelope  in  this  layer,  others  reach  the 
glomeruli  and  net  them  round  on  the  under  side  (tig.  159,  a).  This  layer 
is  also  permeated  by  the  dendrites  (of  which  mention  has  been  made 
before)  which  extend  to  the  glomeruli  from  the  cells  of  the  fourth  layer 
(fig.  159,  b).  In  the  inner  part  of  this  layer  (fig.  163,  3 b)  we  see  a close  net- 
work consisting  entirely  of  protoplasmic  processes.  They  belong  to  cells 
of  the  fourth  layer,  and  to  the  small  cells  of  the  fifth.  The  cell-elements 
we  meet  with  here  are  medium-sized  nerve-cells,  triangular  or  fusiform, 
which  strike  their  axis-cylinder  processes  downwards  to  the  deeper  layers, 
while  their  dendrites  enter  into  the  composition  of  a glomerulus  in  the 
fashion  just  described.  A number  of  scattered  granules  are  also  found  in 
this  layer. 

The  fourth  layer,  4 (nerve-cell  layer),  constitutes  a thin  sheet,  not  more 
than  0'04  mm.  in  thickness,  which  appears  in  carmine  preparations,  when 
only  slightly  magnified,  as  a dark  line.  This  layer  consists  of  thickly- 
packed  granules,  amongst  which  lie  large  triangular  nerve-cells,  the  so- 
called  mitral  cells,  usually  arranged  in  a single  row.  These  cells  have  a 
diameter  of  30  to  50  /x ; their  axis-cylinder  processes  (figs.  159,  c,  d,  e,f), 
course  straight  inwards,  and  sooner  or  later  bend  round  (usually  in  the 
fifth  layer)  and  assume  a longitudinal  course.  Each  gives  off  a number 
of  collaterals,  which  are  said  to  run  back  into  the  molecular  layer.  In  the 
protoplasmic  processes  of  the  mitral  cells  we  observe  a varied  disposition. 
Some  of  them  take  a horizontal  course,  fork  again  and  again,  and  take  part 
in  the  composition  of  the  deep-lying  feltwork  of  fibres  in  the  molecular 
layer  (3  b).  Often  they  can  be  followed  for  a considerable  distance.  One 
protoplasmic  process,  however,  always  lays  claim  to  special  attention.  It 
passes  outwards  through  the  molecular  layer,  rarely  giving  off  side-branches, 
and  in  the  glomerulus  suddenly  breaks  up  and  ends  in  an  extraordinarily 
rich  plexus,  the  branches  of  which  are  interwoven  with  similar  ramifica- 
tions of  olfactory  fibres  (rf.  fig.  99,  4)-  In  the  dog  each  mitral  cell  has 
usually  a single  process  of  this  character. 

The  behaviour  of  the  dendrites  of  the  mitral  cells  varies  very  greatly 
(as  we  shall  learn)  in  different  animals,  according  to  the  degree  of  develop- 
ment in  their  sense  of  smell. 

The  next  layer,  stratum  granulosum,  5 , which  is  not  marked  off 
sharply  from  the  sixth,  is  broadest  at  the  apex  of  the  bulb  (1  to  1'5  mm. 
in  diameter  in  the  dog) ; towards  the  hinder  end  it  gradually  disappears 
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altogether.  It  is  especially  characterised  by  its  closely-packed  granules 
arranged  in  several  rows  parallel  to  the  surface,  between  which  bundles 
consisting  largely  of  medullated  nerve-fibres,  most  of  which  Like  origin  in 
the  mitral  cells,  course  in  the  same  plane.  This  layer  is  in  addition 
pierced  by  a number  of  radiating  medullated  fibres,  which  coming  out  of 
the  medullary  layer  of  the  bulb  lose  their  myelin,  some  in  this  layer, 
some  (as  already  mentioned)  in  the  third  layer. 

By  means  of  the  silver-method  of  impregnation  we  can  see  the  singular 
behaviour  of  the  granules  of  this  layer.  rlhey  possess  a dendiite  01  den- 
drites directed  towards  the  centre,  and  a single  dendrite  directed  towards 
the  periphery.  The  former  divide  after  a course  of  varying  length,  while 
the  peripheral  process  courses  undivided  and  almost  in  a straight  line  to  the 


Fig.  163.— From  the  bulbus  olfactorius  of  the  mouse.  Silver  preparation. — 2, 
Glomeruli ; S a and  3 b,  molecular  layer : 4,  layer  of  large  mitral  cells  ; 5,  granular 
layer. 


deepest  parts  of  the  molecular  layer,  where,  near  the  mitral  cells,  it  splits 
into  several  branches,  most  of  which  run  horizontally.  It  thus  takes  part 
in  the  composition  of  the  felt-work  already  referred  to,  in  the  deepest  part 
of  the  molecular  layer  (fig.  163,  3 b).  It  is  very  difficult  to  exhibit  the 
axis-cylinder  processes  of  these  cells.  A.  Hill  has  shown  that  they  either 
course  directly  towards  the  medullary  layer  or  else  run  peripheralwards 
as  far  as  the  mitral  cells,  and  then  bend  round  towards  the  deeper  parts. 
[The  disposition  of  the  axis-cylinder  enables  us  to  divide  the  granules  into 
tw’o  classes  : (a)  those  with  much  looped  axis-cylinders,  which  give  off  many 
lateral  branches ; and  (b)  those  with  unbranched  centrally  running  neuraxons. 
The  granules  of  the  former  class  are  larger  than  those  of  the  latter.]  It  is 
not  yet  certain  that  all  the  cells  of  the  granular  layer  are  alike  in 
behaviour.  Single  large  nerve-cells,  especially  of  the  kind  known  as 
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Uolgi’s,  are  also  found  in  this  layer.  [Occasionally  cells  whose  processes 
extend  tangentially  for  a great  distance  are  to  be  seen.  To  these  the 
translator  has  given  the  name  of  ‘bracket-cells.’  The  thick  dendrites  of 
one  observed  in  an  adult  cat  extended  right  and  left  for  a distance  of  more 
than  3 mm.] 

The  innermost,  or  sixth  layer  (6),  the  medullary  centre  of  the  bulbus 
olfactorius,  consists  of  nerve-fibres  which  run  parallel  to  one  another 
with  a somewhat  undulating  course.  This  layer  gives  off  at  right  angles 
fibres  to  the  superficial  layer,  and  so  diminishes  towards  the  apex  of  the 
bulb  in  the  same  proportion  that  the  fifth  layer  grows  in  thickness.  It  is 
limited  towards  the  ventricle  by  an  ordinary  ependyma,  e,  with  ciliated 
epithelial  cells.  In  full-grown  animals  the  processes  of  these  cells  can  be 
followed  far  down  into  the  substaxxce  of  the  bulb. 

In  the  human  olfactory  bulb,  nerve-fibres  and  glomeruli  are  present. 
The  third  and  fourth  layers  are  not  sharply  defined ; genuine  nerve-cells 
occur  but  very  sparsely.  The  granular  and  medullary  layei-s  are  distinctly 
recognised.  The  ventricle  is  wanting,  but  its  situation  is  indicated  by 
gelatinous  substance  in  the  centre  of  the  bulb.  The  layers  above  men- 
tioned are  found  on  the  ventral  side  of  this  gelatinous  substance  only ; 
usually  the  dorsal  portion  consists  of  nothing  but  medullary  substance. 
For  the  rest,  a minute  examination  of  the  human  bulbus  has  yet  to  be 
undertaken. 

In  animals  with  a keen  and  well-developed  sense  of  smell  the  peri- 
phei-al  process  of  a mitral  cell  goes  in  most  cases,  if  not  invariably,  to  a 
single  glomei-ulus  ; indeed,  several  such  dendrites  (five  or  six  in  the  dog, 
according  to  v.  Gehuchten ) may  form  a single  glomerulus,  while,  on  the 
other  hand,  where  the  sense  is  feebly  developed,  as  in  birds,  not  only  does 
the  mitral  cell  give  off  several  such  dendrites,  but  the  dendrites  themselves 
divide,  each  mitral  cell  thus  supplying  a number  of  glomeruli  (as  many  as 
twenty  sometimes,  accoi'ding  to  Ramon  y Cajal). 

[The  similarity  between  certain  of  the  elements  contained  both  in 
the  retina  and  olfactory  bulb  has  attracted  the  attention  of  several 
anatomists ; but  it  appears  to  the  translator  that  the  homology  is  much 
deeper  than  has  been  hitherto  supposed,  and  that  both  similarities  and 
differences  throw  a great  deal  of  light  upon  the  morphology  of  the  central 
nervous  system.  It  is  difficult  at  the  first  moment  to  recognise  the 
homology  of  the  * nuclei  ’ of  the  retina,  the  ‘ granules  ’ of  the  bulb,  the 
1 cells  ’ of  the  ganglion  spirale  of  the  eai-,  and  the  ‘ cells  ’ of  the  ganglia 
on  the  posterior  roots  of  the  spinal  nerves ; but  it  might  on  a priori  grounds 
be  supposed  that  the  same  plan  would  be  adopted  in  the  connection  with 
the  central  nervous  system  of  all  sensory  nerves  ; and  certain  considera- 
tions with  regard  to  the  development  of  the  nervous  system  give  the  key 
to  this  plan. 

The  nervous  system  is  first  formed  in  the  animal  kingdom  as  a con- 
nection between  certain  cells  on  the  surface,  well  situate  for  the  purpose 
of  acquiring  information  with  regard  to  the  environment,  and  contractile, 
muscular  cells,  or  cell-pi’ocesses,  the  action  of  which  adapts  the  animal 
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to  its  environment.  The  specialisation  of  spots  on  the  surface  into  sense- 
organs  is  due  to  the  favourable  position  of  these  spots  and  to  the  sensitive 
character  of  the  cells,  whether  pigmented  or  containing  crystals  of  car- 
bonate of  lime,  or  otherwise  adapted  to  receive  impressions.  When  these 
cells  are  collected  into  sense-organs  they  need  long  filaments  to  connect 
them  with  the  contractile  elements.  Further  than  this,  as  soon  as  the 
cells  of  the  sense-organ  are  able  to  distinguish  between  impulses  of 
different  strength  and  kind,  a mechanism  is  needed  for  the  purpose  of 
distributing  the  impulses  they  receive.  These  distributive  cells  or  nerve- 
cells  are  derived,  as  R.  and  0.  Hertwig  have  shown,  from  sense-cells,  which, 
having  lost  their  receptive  properties,  have  sunk  down  from  the  sense- 
organ  into  the  subjacent  mesoblast,  and  serve  henceforth  for  the  distribu- 
tion to  appropriate  muscles  of  the  impulses  received  from  their  more 
favoured  sisters.  The  central  nervous  system  consists,  in  the  first  instance, 
of  clumps  of  deposed  epithelial  cells  and  the  plexus  formed  by  their  pro- 
cesses ; the  clumps  lie,  therefore,  immediately  beneath  sense-organs. 

The  next  step  in  the  evolution  of  the  nervous  system  consists  in  its 
withdrawal  in  part  to  a more  central  sheltered  situation.  Its  local  origin 
is  always  marked,  however,  by  the  presence  of  nerve-cells  in  the  vicinity 
of  the  sense-organs  (the  nose,  the  eye,  the  ear),  or  the  situation  formerly 
occupied  by  sense-organs  (neighbourhood  of  the  spinal  ganglia). 

The  central  connections  of  the  nose  and  the  eye  differ  from  those  of  the 
more  posterior  sense-organs.  Less  of  the  nervous  labyrinth  has  been  with- 
drawn from  its  original  local  situation  in  the  neighbourhood  of  the  sense- 
organ,  to  take  part  in  constituting  a cerebro-spinal  axis,  than  in  the  case  of 
the  ear  and  segmental  organs  corresponding  to  the  spinal  ganglia.  In  the 
olfactory  bulb  and  retina  are  found  granules,  plexus  (glomerular  or  molec- 
ular  substance),  and  associating  nerve-cells.  In  the  ganglion  spirale  and 
spinal  ganglia,  bipolar  cells  alone  are  found,  the  plexus  or  molecular  substance 
(substantia  Rolandi)  and  associating  cells  (1  cells  at  the  base  of  the  posterior 
horn)  being  withdrawn  into  the  axis. 

This  is  not  merely  a morphological  speculation.  It  is  hopeless  to  attempt 
to  trace  the  central  connections  of  the  olfactory  and  optic  tracts  until  the 
relation  of  the  nervous  elements  in  the  bulb  and  the  retina  to  the  rest  of 
the  cerebro-spinal  axis  has  been  determined. 

Looking  at  the  nervous  system  from  the  translator's  point  of  view 
it  is  seen  to  be  composed  of  sense-organs  and  grey  matter,  united  by 
nerve-fibres.  Processes  of  the  cells  of  the  grey  matter  stretch  out  to 
and  innervate  muscle-fibres.  The  grey  matter  is  essentially  a plexus  pro- 
viding alternative  routes  for  impulses  originating  in  the  sense-organs. 
In  it  several  different  kinds  of  elements  are  found.  The  basal  processes  of 
sense-cells  never  terminate  directly  in  the  plexus,  but  first  pass  through 
intermediary  neurons ; granules  in  the  case  of  the  olfactory  bulb  and 
retina,  cells  of  the  spinal  ganglia  in  the  case  of  the  organs  of  common 
sense.  On  leaving  the  intermediary  cells  they  break  up  into  a plexus,  the 
processes  of  which  are  associated  into  nerve-fibres  by  nerve-cells.] 

In  man  the  pedunculus  bulbi  or  tractus  olfactorius,  Trot  (called 
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formerly,  by  mistake,  the  olfactory  nerve),  which  runs  backwards  towards 
the  substantia  perforata  anterior,  Sj)a}  is  essentially  triangular  in  form. 

The  transverse  convolution  immediately  in  front  of  the  anterior  per- 
forated space  (which  belongs  to  the  orbital  surface  of  the  temporal  lobe, 
and  to  which  the  tractus  olfactorius  is  affixed)  is  also  termed  the  tuber  or 
trigonum  olfactorium.  The  free  basal  layer  of  the  tract  consists  of  white 
matter;  its  upper  angular  portion  embedded  in  the  sulcus  olfactoHus 
rises  abruptly  behind,  and  blends  with  the  mesial  wall  of  this  sulcus 
(superior  olfactory  root).  Another  convolution  passes  from  the  tractus 
obliquely  backwards  and  outwards,  closes  in  this  sulcus  posteriorly, 
and  determines  the  triangular  form  of  the  convolution  known  as  the 
trigonum. 

The  shape  of  the  cross-sections  of  the  tract  in  Man  varies  greatly  during 
its  course  ; in  the  anterior  half  it  is,  as  a rule,  triangular  with  rounded 
corners  and  slight  concave  sides  (fig.  164). 


Fig.  164. — Transverse  section  of  the  human  olfactory  tract.  Glycerin  preparation. 

Magn.  15.  The  bundles  of  nerve-fibres  appear  dark. 

A layer  of  fine  medullated  nerve-fibres,  about  0-3  mm.  thick,  occupies 
the  basal  surface  and  extends  round  the  lateral  angles.  It  can  often  be 
divided  into  two  layers  of  nearly  equal  depth,  the  superficial  one  is  closely 
packed  with  nerve-fibres,  while  in  the  deeper  they  are  more  thinly  dispersed. 
Next  follows  a layer,  0T  to  03  mm.  thick,  which  consists  for  the  most 
part  of  gleia  and  corresponds  to  the  obliterated  ventricle,  while  all  the 
rest  of  the  tract  is  derived  from  modified  cortex.  On  its  dorsal  surface  it 
is  covered  by  a distinct  stratum  of  medullated  nerves,  and  it  contains  small, 
irregularly  disposed  nerve-cells  which  are  more  numerous  and  more 
definitely  pyramidal  towards  the  hinder  end  of  the  tract.  ' In  almost  all 
adults,  and  especially  in  old  people,  the  basal  nerve-layer  contains 
numerous  amyloid  bodies.  The  middle  layer,  which  corresponds  to  the 
ventricle,  may  be  completely  filled  with  these  bodies,  while,  at  the  same 
time,  the  cortical  layer  also  shows  them  in  smaller  numbers  and  almost 
exclusively  in  the  white  stratum.  Their  presence  enables  one  to  trace  the 
olfactory  tract  in  its  further  course,  especially  after  staining  with  alum- 
hsematoxylin  or  after  rapid  dehydration  ( TurzeJc ). 

In  osmatic  mammals  we  find  at  the  base  of  the  brain  a massive  lobe, 
the  lobus  olfactorius,  which  carries  the  bulbus  olfactorius  on  its  anterior 
end,  and,  widening  out  behind,  blends  with  the  anterior  part  of  the 
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temporal  lobe.  With  the  adjoining  parts  of  this  latter  it  foims  a pear- 
shaped  swelling,  the  lobus  pyriforruis.  In  sagittal  sections  coloured  by 
methods  of  medullary-sheath  staining  it  is  seen  that  a not  inconsiderable 
number  of  fibres,  in  their  course  backwards  (fig.  159,  d,  e),  enter  the  grey 
cortical  layer  of  the  tract,  Ti'ol.  This  also  is,  therefore,  a cortical  centre 
for  many  olfactory  fibres.  Such  preparations  also  show  fibres  which 
coming  out  of  the  cortex  of  the  tract  ( h , i)  turn  backwards  towards  the 
brain  and  so  represent  the  fibres  which,  having  originated  in  the  bulb,  made 
their  way  into  the  cortex. 

At  the  hinder  end  of  the  human  brain  the  superficial  visible  white 
fibres  of  the  olfactory  tract  also  separate  into  several  bundles,  all  of  which 
course  outwards  and  backwards,  the  outer  or  lateral  olfactory  root. 
One  of  these  bundles,  the  most  lateral  [stria  externa],  is  always  distinctly 
visible ; it  disappears  in  the  gyrus  uncinatus,  near  the  nucleus  amygdaleus, 
Am.  Of  the  other  bundles  one  or  more,  not  always  distinct,  pass  outwards 
and  backwards,  skirting  close  by  the  large  holes  of  the  substantia  perforata ; 
they  cannot  (with  the  naked  eye)  be  followed  into  the  temporal  lobe. 

No  white  mesial  root  [stria  interna],  as  commonly  described,  is  to  be 
seen  on  the  surface  in  Man ; but  by  analogy  with  the  internal  olfactory 
root  of  osmatic  animals,  this  name  is  applied  to  the  region  of  the  cortex 
which  lies  between  the  tuberculum  olfactorium  on  its  mesial  side  and 
the  lower  end  of  the  gyrus  fornicatus,  and  in  the  depth  of  which  a fibre- 
tract  is  actually  to  be  found.  Neither  does  a middle  grey  root,  in  the 
common  meaning  of  the  term,  exist. 

In  the  brains  of  old  people,  we  are  able  with  the  help  of  the  amyloid 
bodies  to  follow  the  course  of  the  olfactory  tract  farther  back  on  the  free 
surface  of  the  substantia  perforata  anterior.  Amyloid  bodies  affect 
especially  the  lateral  white  root.  It  is  possible  to  follow  this  root  some 
distance  beyond  the  substantia  perforata  into  the  brain-substance  on  both 
sides  of  the  corpus  striatum.  On  the  lateral  surface  of  this  nucleus  we 
meet  with  a quantity  of  large,  round,  or  spindle-shaped  cells  almost  com- 
pletely filled  with  light  yellow  pigment,  30  to  60  /x  in  diameter.  They, 
too,  are  probably  to  be  reckoned  to  the  central  apparatus  of  olfaction. 

In  addition  to  the  roots  already  mentioned,  a bundle  (a,  c,  h)  extends 
from  the  tractus  olfactorius  towards  the  anterior  commissure. 

The  anterior  commissure  (a,  r,  h,  Ic),  may  be  looked  upon  as 
partly  supplementary  to  the  corpus  callosum.  Its  function  is  to  unite 
together  points  on  the  two  hemispheres,  mainly,  but  by  no  means 
invariably,  identical.  It  provides  for  those  portions  of  the  cortex  which 
are  not  supplied  by  the  corpus  callosum.  It  is,  in  the  first  place,  a com- 
missure (perhaps,  also,  a decussation)  between  the  rhinencephali  of  the 
two  hemispheres.  A bundle,  well-developed  in  osmatic  animals  but  rudi- 
mentary in  Man,  goes  from  the  cortex  of  the  tractus  olfactorius  (inclusive, 
perhaps,  of  the  trigonum),  and,  crossing  the  middle  line  in  the  anterior 
commissure,  unites  with  the  corresponding  bundle  on  the  other  side  to 
form  an  arch,  concave  in  front  (the  pars  olfactoria).  There  is  also  present 
in  Man  a slender  tract  of  fibres  which,  separating  from  the  bundle  which 
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passes  towards  the  anterior  commissure,  streams  into  the  under  holder  of 
the  internal  capsule  and  so  reaches  the  front  of  the  optic  thalamus. 
A direct  connection  may  also  exist  between  the  bulbus  olfactorius  and 
the  anterior  commissure.  Thus  Kulliker  supposes  that  the  medullated 
fibres  which  extend  into  the  molecular  layer  and  to  the  glomeruli,  and 
there  break  up  (fig.  159,  a),  come  by  way  of  the  anterior  commissure. 
According  to  Luwenthal,  they  take  origin  from  the  contra-lateral  lobus 
olfactorius. 

In  Man  the  hemispheral  portion  of  the  anterior  commissure  (pars 
temporalis,  It)  is  by  far  the  more  important.  It  forms  an  arch,  concave 
behind,  the  sides  of  which  (figs.  152,  153,  1J1)  turn  backwards  and  down- 
wards, and  run  into  the  temporal  lobe,  wedged  in,  as  it  were,  at  the  base 
of  the  nucleus  lenticularis,  between  the  putamen  and  globus  pallidus. 
What  portions  of  the  cortex  they  ultimately  reach  remains  at  present 
undetermined.  The  main  source  of  the  anterior  commissure  was  said  by 
Popoff  and  Fleclisig  to  be  the  gyrus  lingualis,  but  the  observations  of 
Henschen  and  Drjerine  are  opposed  to  this  conclusion.  A portion  of  the 
fibres  from  the  anterior  commissure  enters  the  external  capsule. 

On  the  ground  of  Gamer’s  experiments  it  was  also  assumed  that  the 
anterior  commissure  contains  commissural  fibres  alone  and  no  decussating 
fibres  [of  the  olfactory  tract],  but  this  opinion  has  been  somewhat  shaken 
of  late. 

The  cortex  of  the  cornu  Ammonia  must  also  be  reckoned  among  the 
central  olfactory  organs,  and  the  psalterium  (see  p.  82),  the  massive 
commissural  system  which  stretches  between  and  connects  the  cornua  of 
the  two  hemispheres,  ought  therefore  to  be  treated  of  here,  as  ought  also 
the  fornix.  In  the  interest  of  simplicity,  however,  I prefer  to  reserve  the 
full  discussion  of  these  structures  till  later,  and  to  content  myself,  in  this 
place,  with  merely  mentioning  their  connection  with  the  sense  of  smell. 

Four  kinds  of  medullated  fibres,  at  least,  may,  therefore,  be  distinguished 
in  the  olfactory  tract : — 

(1)  Those  from  the  mitral  cells  of  the  bidb  to  the  cortex  of  the  tract 
(fig.  159,  d,  e). 

(2)  Those  from  the  mitral  cells  of  the  bulb  which  run  in  the  tract,  with- 
out coming  into  connection  with  its  cortex,  backwards  towards  other 
portions  of  the  cortex  (g),  or  to  non-cortical  ganglia  (/),  especially  the 
thalamus  opticus  ( Tho ). 

(3)  Fibres  from  the  anterior  commissure  which  end  either  in  the 
bulbus  or  in  the  cortex  of  the  tract,  or  take  origin  from  the  cells  of  the 
latter  (a,  c,  h). 

(4)  Fibres  from  the  cortex  of  the  tract  which  run  to  other  parts  of 
the  cortex  or  elsewhere  in  the  brain  ( i ). 

It  cannot  be  stated  whether  the  very  strong  root  of  the  olfactorius 
which  passes  to  the  nucleus  amygdaleus  and  cornu  Ammonis,  consists  of 
fibres  of  class  2 or  class  4. 

A tract  of  fibres  (fig.  160,  Pspl),  or,  to  speak  more  exactly,  an  atrophied 
and  modified  part  of  the  cortex,  pedunculus  corporis  callosi  (pedunculus 
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septi  pellucidi,  gyrus  subcallosus),  which  extends  from  the  apex  of  the 
rostrum  corporis  callosi  obliquely  backwards  and  outwards  across  the 
substantia  perforata  anterior  towards  the  tip  of  the  temporal  lobe,  is  to  be 
reckoned  in  with  the  central  olfactory  apparatus.  This  tract  was  first 
described  by  Broca  as  “la  bandelette  diagonale  de  l’espace  quadrilateral.” 
It  is  only  exceptionally  demonstrable  in  Man,  in  atrophied  brains,  as,  foi 
example,  in  old  persons,  and  in  dementia  paralytica. 

In  many  animals,  however,  such  as  Histrix  and  Dasypus,  this  tract 
attains  very  large  dimensions  (. Zuckerkandl ).  The  bundles  of  which  it  is 
composed  belong  to  an  association  system  peculiar  to  the  olfactory  nerves, 
the  olfactory  bundles  of  the  cornu  Ammonis  (Zuckerkcnidl),  which  can  be 
rightly  studied  and  understood  only  in  the  brains  of  osmatic  animals.  It 
consists  of  fibres  which  run  in  the  body  of  the  fornix  as  far  as  the  posteiioi 
border  of  the  septum  pellucidum,  where  they  become  distinct  from  it 
(processus  olfactorius  fornicis,  Zuckerkaudt)  and  turn  downwards  in  front 
of  the  anterior  commissure  towards  the  base  of  the  brain.  Arrived  there, 
they  assume  a lateral  direction,  and  stream,  some  into  the  temporal,  some 
into  the  olfactory  lobe.  It  is  with  the  former,  the  fasciculus  hippocampi 
( Zuckerkandl ),  that  we  are  chiefly  concerned  at  present. 

Many  attempts  have  been  made  to  distinguish  as  an  independent  region 
of  the  cortex  (rhinencephalon)  those  parts  which  are  directly  connected 
with  the  olfactory  organs. 

The  central  terminus  of  the  olfactory  tract  may  be  looked  for  in  the 
subjoined  regions: — (1)  The  cortex  of  the  tractus  olfactorius,  the  tuber- 
culum  olfactorium,  and  (in  animals)  the  lobus  pyriformis.  (2)  The  cortex 
of  the  gyrus  hippocampi  and  cornu  Ammonis.  To  this  can  be  added,  in 
all  probability,  the  anterior  end  of  the  gyrus  fornicatus,  as  well  as,  perhaps, 
the  nucleus  amygdaleus. 

The  extent  to  which  the  cornu  Ammonis  is  in  intimate  physiological 
connection  with  olfactory  centres,  is  shown  by  the  fact  that  it  is  quite 
rudimentary  in  the  dolphin  ( Zuckerkandl ) [and  all  other  cetacea],  and 
small  in  Man ; whereas  in  animals  with  well-developed  organs  of  smell  it 
is  large,  and  runs  in  company  with  the  fornix  far  beneath  the  corpus 
callosum. 

A comparison  of  the  brains  of  carnivorous  animals  shows  a very  striking 
development  of  the  temporal  lobe  in  those  which  track  their  prey  and 
detect  the  proximity  of  danger  by  the  sense  of  smell,  as  compared  with 
those  which  rely  upon  other  senses.  Until  the  typical  form  of  brain 
cortex  has  been  agreed  upon,  we  are  in  no  position  to  judge  of  the  minute 
structure  of  the  cornu  Ammonis.  Of  the  lobus  pyriformis,  it  may  be 
observed  that  very  curious  nerve-cells  (double  pyramidal  cells)  are  found 
in  the  superficial  layer  of  the  cortex.  They  give  off  two  very  conspicuous 
dendrites,  with  tuft-like  ends,  which  proceed  in  opposite  directions,  one  to 
the  centre,  the  other  to  the  periphery.  Kolliker  was  able  to  follow  the 
axis-cylinder  process  of  these  cells  to  the  neighbourhood  of  the  outer 
capsule.  There  is  no  question  that  the  whole  olfactory  region  is  marked 
by  characteristics  peculiar  to  itself. 
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The  investigations  of  Calleja  have  proved  that  all  the  fibres  which 
proceed  from  the  olfactory  bulb  and  tract  to  the  various  parts  of  the 
cortex  end  in  the  upper  molecular  layer,  where  their  arborescent  systems 
mingle  with  the  protoplasmic  ramifications  of  the  deeper-seated  pyramidal 
cells,  Cc. 

Edinger  has  shown  that  phylogenetically  the  olfactory  nerve  sends 
tracts  to  the  superior  cerebral  centres  earlier  than  any  other.  In 
amphibious  animals,  especially  reptiles,  which  have  not  otherwise  attained 
to  a developed  cortex,  these  olfactory  connections  light  upon  a well- 
developed  brain-cortex,  corresponding  in  character  and  position  to  the 
cornu  Ammonis. 

The  gyrus  fornicatus  and  the  gyrus  hippocampi  together  form  a great 
arch  on  the  mesial  wall,  its  lower  and  anterior  end  closed  by  the  lobus 
olfactorius.  Broca  included  this  whole  arch  in  the  cortical  field  of  smell, 
and  named  it  the  lobus  limbicus.  It  is  probable,  however,  that  the 
greater  part  of  the  gyrus  fornicatus  (which  is  well  developed  in  Man)  has 
other  functions.  We  could  more  readily  suppose  that  in  Man  the  fascia 
dentata  and  nervus  Lancisii  answer  to  the  atrophied  lobus  limbicus. 

We  may  say,  then,  that  in  the  olfactory  region  impressions  are  received 
by  the  olfactory  cells  (fig.  159,  Ep)  and  conveyed  by  the  olfactory  nerves 
( no ) to  the  glomeruli  (£),  where  they  are  transmitted  to  neurons  of  the 
second  class.  These  latter  consist  of  the  mitral  cells  (4)  with  their 
principal  dendrites  (b)  and  their  axis-cylinder  process,  which  conveys  the 
impression  along  the  path  marked  / to  the  thalamus,  or  along  that  marked 
g to  the  cortex,  Cc  of  the  temporal  lobe.  To  the  commissural  fibres  Kollilcer 
assigns  the  task  of  maintaining  the  harmonious  working  of  the  olfactory 
central  organs  in  the  two  hemispheres.  No  profounder  physiological  in- 
terpretation of  the  conditions  just  described  has  as  yet  been  suggested. 
We  are,  for  example,  quite  in  the  dark  as  to  the  meaning  of  the  granules. 

The  fibres  (f)  of  the  olfactory  tract  which  end  in  one  of  the  central 
cerebral  ganglia  (usually  the  thalamus  opticus),  though  not  yet  fully 
understood,  are  certainly  of  essential  importance.  They  are  homologues 
of  the  fibres  of  the  fillet,  being  sensory  neurons  of  the  second  class  and 
ending  in  the  mid-brain  ; and  we  may  therefore  assume  that  the  greater 
number  of  them  cross  in  the  anterior  commissure. 

The  lobus  olfactorius  originates  as  an  outgrowth  of  the  lateral  wall 
of  the  fore-brain,  and  bears  traces  of  the  central  cavity  even  in  Man. 
The  bulbus  is  a secondary  accretion. 

When  we  consider  that  sensations  of  smell,  of  taste,  and  of  touch,  as 
conveyed  by  the  trigeminal  nerve,  are  almost  capable  of  being  fused  into 
a single  perception  in  a way  which  is  not  possible  with  the  other  senses, 
such  as  sight  and  hearing,  we  are  prepared  to  believe  (although  direct 
anatomical  proof  is  not  yet  obtainable)  that  the  cortical  terminations  of 
the  olfactory  trigeminal  and  glossopharyngeal  nerves  either  lie  in  the 
same  neighbourhood  or  are,  at  any  rate,  very  intimately  connected  by 
associating  fibres. 

[A  consideration  of  the  almost  exclusive  part  played  by  sensations  of 
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smell  in  the  daily  life  of  most  carnivorous  animals  would  prepare  us  to 
expect  that  a very  large  portion  of  the  cortex  of  their  brains  must  be 
devoted  to  their  reception.  If  the  brains  of  a large  number  of  different  car- 
nivores, such  as  are  exhibited  in  the  fine  collection  in  the  Hunterian  museum, 
arc  compared  together,  it  is  obvious  without  need  for  measurement  that 
the  temporal  lobe  is  very  much  larger  in  the  dog,  wolf,  jackal,  and  other 
animals  which  track  their  prey  with  the  nose,  than  in  other  mammals. 
Felines  detect  the  proximity  of  their  victims  in  forests  and  jungles  rather 
by  listening  for  broken  twigs  and  crackling  leaves  and  sticks  than  by 
sniffing  along  their  trails;  in  carnivores  of  this  habit,  which  might  be 
distinguished  as  ‘springing’  animals,  the  temporal  lobe  projects  forwards 
to  a loss  extent  than  it  does  in  the  ‘running’  hunters.  A comparison, 
however,  of  the  aquatic  otter  with  its  terrestrial  congeners  is  most  instructive. 
The  otter  trusts  to  its  sensitive  whiskers  for  guidance  amongst  the  snags 
and  stones  in  the  pools  of  brown  water  which  the  salmon  frequent.  Its 
sense  of  smell  is  extremely  deficient,  and,  corresponding  with  this,  its 
temporal  lobe  is  reduced  to  very  small  proportions. 

Herbivorous  animals  rely  upon  their  sense  of  sight  for  safety.  As  far 
as  possible  they  feed  in  open  ground,  keeping  watchful  guard.  Doubtless 
they  quickly  discover  any  taint  in  the  air  when  their  enemies  depart 
so  far  from  their  usual  practice  as  to  hunt  from  windward,  but  the  use 
which  they  make  of  the  nose  to  escape  the  enemy  is  not  comparable  in 
intensity  or  specialisation  to  the  following  of  a trail  which  crosses  and 
recrosses  countless  other  lines  of  scent.  On  the  other  hand,  they  make 
selection  of  favourite  herbs,  and  avoid  poisonous  ones  with  the  aid  of 
smell ; so  that  the  difference  between  the  two  classes  of  vegetable  and 
animal  feeders  is  one  of  degree  rather  than  of  kind  ; whilst  carnivores  are 
‘ osmatic’  far  excellence,  herbivores  cannot  be  justifiably  termed  ‘anosmatic.’ 
Indeed  these  terms  are  more  likely  to  lead  to  confusion  than  to  introduce 
order.  Man,  some  quadrumana,  and  all  marine  mammalia  are  very  deficient 
in  olfactory  apparatus.  The  sense  of  smell  varies  greatly  amongst 
remaining  mammals.  But  while  it  is  impossible  to  speak  in  antithetical 
terms  of  the  two  divisions  into  which,  from  this  point  of  view,  they  fall — 
the  predatmy  and  the  preyed-upon — as,  the  one,  osmatic,  and,  the  other, 
anosmatic,  the  relative  preponderance  of  smell-perceptions  as  a substratum 
of  mental  processes  must  be  very  different  in  the  two  groups.  Nor  is  it 
difficult  to  recognise  the  brain-characters  upon  which  this  difference  depends. 
In  carnivora  the  fissure  of  Sylvius  is  very  oblique,  and  its  margins  are 
pressed  close  together ; the  temporal  lobe  projects  a long  way  forwards 
beneath  the  frontal.  In  lierbivora  the  fissure  of  Sylvius  is  more  nearly 
vertical ; its  margins  fall  quickly  apart,  sweeping  away  from  one  another 
in  easy  curves  ; the  temporal  lobe  does  not  project  forwards.  It  is  curious 
to  notice  the  intermediate  position  taken  up  by  the  brain  of  the  omnivorous 
root-hunting  pig. 

A study  of  the  comparative  anatomy  of  the  brain  throws  much  light 
upon  questions  of  cortical  localisation,  and  will  probably  be  the  ultimate 
tribunal  to  which  all  experimental  evidence  will  be  submitted.  The 
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outlines  of  the  three  brains  given  below  (figs.  165,  166,  167)  are  tracings 
taken  from  the  drawings  in  Gratiolet’s  atlas  (published  before  localisation 
o unction  in  the  cortex  was  thought  of),  reduced  by  the  pantograph  to 
about  the  same  size.  They  show  the  relative  development  of  the  temporal 

lobe  in  animals  with  an  acute,  moderate,  and  feeble  sense  of  smell 
respectively. 


Tracings  of  the  pictures  in  Leuret  and  Gratiolet’s  Atlas.  The  Roman  numbers 
indicate  approximately  the  cortical  areas,  the  development  of  which  in  different 
animals  varies  as  the  cross-section  of  the  several  sensory  nerves,  to  which  they 
correspond. 

Broca  included  tbe  gyrus  fornicatus  in  the  cortical  field  of  smell. 
That  this  is  an  error  is  shown  by  the  fact  that  the  gyrus  fornicatus  is  well 
developed  in  the  marine  mammalia.] 

Absence  of  the  olfactory  tract  on  one  or  both  sides  has  been  repeatedly 
observed  in  otherwise  normal  brains. 

Kundrat  associates  together  all  forms  of  defect  of  the  olfactory  nerves 
under  the  name  of  arrhinencephalia,  allowing,  however,  that  other  extensive 
defects  in  the  structure  of  the  brain  are  associated  therewith. 
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2.  Optic  Nerve. — There  are  no  peripheral  nerves  of  sight  in  the  proper 
sense  of  the  word ; even  the  exceedingly  short  fibres  which  lead  from  the 
rods  and  cones  of  the  retina  (the  peripheral  terminal  organ  of  the  visual 
apparatus)  to  the  bipolar  nerve-cells  which  also  lie  within  it,  are  homologous 
to  the  posterior  roots  and  their  continuation  within  the  cord.  The  nerve- 
cells  of  the  retina,  as  well  its  deeper  parts  and  the  fibres  which  originate 
in  it,  must  be  regarded  as  parts  of  the  central  nervous  system.  As  is  well 
known,  both  retina  and  optic  nerves  originate  from  a vesicular  outgrowth 
of  the  fore-brain,  which  appears  very  early  in  development  (primary  optic 
vesicle).  The  column  of  fibres  which  constitutes  the  optic  nerve  differs 
from  a peripheral  nerve  in  that,  if  it  is  cut,  its  two  ends  will  never  grow 
together.  This  appears  to  be  a differential  character  of  all  central  tracts 
of  fibres. 

We  will  not  in  this  place  treat  of  the  minute  structure  of  the  retina 
(fig.  168,  R) ; but  will  confine  our  attention,  in  the  first  instance,  to  the 
optic  nerve  which  is  composed,  for  the  most  part,  of  axis-cylinder  processes 
of  the  multipolar  cells  in  the  nerve-cell  layer  of  the  retina,  whence  it  takes 
origin.  Some  fibres  which  enter  into  its  constitution  originate  in  the  brain 
and  end  in  the  retina  ; these  can  be  distinguished  by  their  extreme  fineness. 
They  are  few  in  number,  and  may  exercise  a direct  or  indirect  effect  upon 
the  nervous  elements  of  the  retina  in  the  act  of  vision.  The  nerve  leaves 
the  orbit  as  a round  column,  flattening  out  a little  after  it  has  entered  the 
cavum  cranii.  It  runs  towards  the  basis  cerebri,  and  forms,  in  front  of  the 
tuber  cinereum,  the  optic  chiasm  with  the  nerve  of  the  opposite  side,  Gh 
(figs.  10  and  15).  From  the  optic  chiasm  the  ‘optic  tracts,’  Tro,  extend 
backwards  and  outwards.  According  to  Sa/zer’s  measurements,  the  optic 
nerve  of  Man  has  an  average  cross-section  of  about  9 sq.  mm.,  reduced  to 
sq.  mm.  by  deducting  the  space  occupied  by  connective-tissue  septa. 
The  number  of  nerve  fibres  averages  about  438,000,  a number  which  can 
only  be  understood  if  their  great  tenuity  is  borne  in  mind. 

The  optic  nerve-fibres  are  collected  into  irregular  bundles,  round  or 
polyhedral  in  form,  which  are  separated  from  one  another  by  thicker  or 
thinner  septa  derived  from  the  sheath  of  pia  mater  which  surrounds  the 
nerve.  Secondary  septa,  rich  in  nuclei,  enter  the  substance  of  the  separate 
bundles. 

At  fust  the  bundles  destined  for  the  macula  lutea  lie  together  in  a 
sector  of  the  nervus  opticus,  the  apex  of  which  reaches  nearly  to  the  centre 
of  the  nerve  in  cross-section,  while  the  base  occupies  its  lateral  border. 
In  sections  nearer  the  brain  this  field,  the  papillo-macular  region,  shifts 
its  position  to  nearer  the  centre  of  the  nerve.  The  papillo-macular  fibres, 
destined  for  a small  but  most  highly  sensitive  portion  of  the  retina,  take 
up  almost  a third  part  of  the  whole  cross-section.  It  is  probable  that 
fibres  which  serve  the  purpose  of  conveying  impulses  to  the  centre  for 
PupiUar  movement  lie  in  the  optic  nerve,  as  well  as  those  intended  for 
actual  optic  excitation. 

The  peripheral  bundles  which  lie  nearest  to  the  pia,  as  well  as  the 
central  bundles  which  border  the  arteria  centralis,  invariably  atrophy  to 
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such  an  extent  that  their  fibres  are  found  (except  in  new-born  children)  to 
have  completely  disappeared  ; only  the  empty  supporting  connective-tissue 
remaining  behind  ( E . Fuchs). 

The  chiasma  opticorum  at  the  base  of  the  brain  is  formed  by  the 
junction  of  the  two  optic  nerves  (fig.  168). 


Fig.  168. — Scheme  of  the  central  apparatus  of  vision. — H,  Retina,  dark  on  the  side 
connected  with  the  left,  light  on  the  side  connected  with  the  right  hemisphere  ; 
No,  nervus  opticus ; Ch,  chiasm ; Tro,  tractus  opticus ; CM,  Meynert’s  com- 
missure; CG,  Gudden’s  commissure;  l,  lateral  division  of  the  tract;  m,  mesial 
division  of  the  tract ; Tho,  thalamus  opticus  ; Cgl,  corpus  geniculatum  laterals ; 
Qa,  anterior  tubercle  of  the  corpora  quadrigemina  ; lid,  direct  cortical  root ; Sm, 
sagittal  fibres  of  the  corona  radiata  to  the  occipital  cortex  [optic  radiations] ; Co, 
cortex  cerebri  (of  the  cuneus). 

It  is  beyond  doubt  that  there  are  three  kinds  of  fibres  in  the  optic 
chiasm  : — 

(1)  Fibres  from  the  lateral  halves  of  the  retinae,  which  occupy  the 
lateral  borders  of  the  chiasm,  and  go  to  the  optic  tract  of  the  same  side. 

(2)  Fibres  from  the  mesial  halves  of  the  retinas,  which  cross  in  the 
chiasm  to  the  tract  of  the  opposite  side. 

(3)  Fibres  which  occupy  the  back  of  the  commissure  and  extend  from 
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one  tract  to  the  other.  They  are  distinguished  by  their  fineness,  CG, 
Gudden’s  commissure  (commissura  inferior,  commissura  arcuata  posterior). 

Even  if  other  kinds  of  fibres  are  present  in  it,  the  three  kinds  just 
mentioned  constitute  the  bulk  of  the  chiasm.  The  existence  of  an  anterior 
commissure,  lying,  as  has  been  supposed,  in  the  anterior  angle  of  the 
chiasm  and  connecting  the  two  retinae  [Hannover),  is  very  improbable. 

The  relation  to  one  another  of  the  crossed  and  uncrossed  portions  of  the 
tract  varies  exceedingly  in  different  animals.  It  appeal's  that  in  Man  the 
uncrossed  fibres  preponderate,  whilst  in  the  lower  mammals  more  crossed 
fibres  are  present.  In  many  fishes  uncrossed  fibres  are  totally  wanting. 
In  birds  and  mice  all  the  fibres  cross;  while  only  a part  of  them  cross  in 
the  rabbit,  horse,  dog  and  cat.  In  the  rabbit,  indeed,  the  uncrossed  fibres 
are  in  the  minority  ( Singer  and  M timer).  In  the  mole  the  optic  nerves  are 
rudimentary,  and  contain  only  a few  poorly  medullated  fibres ; the  white 
inferior  commissure  is  consequently  very  obvious. 

In  Man  and  other  mammals  the  interweaving  of  the  fibres  in  the  chiasm 
is  so  intimate  and  complicated  that  very  little  light  is  thrown  upon  their 
relations  by  making  sections  ; the  degeneration-method  first  helped  to  clear 
the  matter  up.  Gamer  delineates  a human  brain  in  which  the  uncrossed 
bundle  on  the  right  side  runs  from  optic  tract  to  optic  nerve  as  a distinctly 
isolated  column. 

In  lower  animals,  and  especially  in  fishes,  the  nerves  cross  in  coarse 
bundles.  In  many  fishes  the  optic  nerves  simply  lie  across  one  another 
without  entering  into  a chiasm  at  all.  In  Bdellostoma  (a  variety  of 
cyclostome)  alone,  of  all  vertebrate  animals,  are  the  optic  nerves  absolutely 
uncrossed. 

The  optic  tract,  Tro,  starts  from  the  chiasm.  At  first  it  lies  close  up 
against  the  grey  basal  substance  of  the  brain,  but  subsequently  it  rests 
upon  the  crus  cerebri,  around  the  most  anterior  free  portion  of  which 
it  winds. 

In  the  chiasm  the  papillo-macular  fibres  take  up  their  position  on  the 
dorsal  side,  where  they  remain  throughout  the  tract,  lying  next  to  the  base 
of  the  brain.  The  uncrossed  papillo-macular  bundle  is  probably  in  direct 
contact  with  the  brain  substance. 

Most  of  the  uncrossed  fibres  in  the  brachium  opticum  have  a somewhat 
complicated  course ; a large  proportion  soon  pass  behind  the  chiasma  to 
reach  the  mesial  side  of  the  tract. 

The  myelination  of  the  optic  nerve  and  tract  begins  only  just  before 
birth,  so  that  the  optic  fibres  of  new-born  animals  contain  very  little  myelin. 
The  development  proceeds  from  the  centre  to  the  periphery,  and  at  birth 
hardly  extends  to  the  bulbus  oculi. 

We  have  already  seen  that  in  the  visual  organs  the  sensory  ueurons 
of  the  first  class  end  in  the  nerve  cells  of  the  retina,  and  that  the  optic 
neurons  of  the  second  class  start  from  the  latter.  We  must  therefore  rank 
these  cells  with  those  of  the  posterior  columns,  and  see  in  the  optic  nerve, 
the  chiasm,  and  the  tractus,  the  homologue  of  the  mesial  fillet  and  the 
decussation  of  the  fillet.  To  complete  the  correspondence,  most  of  the 
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optic  fibres  end  (as  we  shall  learn),  like  those  of  the  fillet  in  the  ganglia  of 
the  ’tween-brain  and  mid-brain. 

It  is  easy  to  convince  oneself  that  the  optic  tract  splits  in  the  human 
brain  into  two  roots.  The  lateral  (anterior  external)  root  runs  towards  the 
lateral  geniculate  body.  The  mesial  (hinder  internal)  root  runs  towards 
the  mesial  (internal)  geniculate  body  (figs.  10  and  11). 

(1)  Part  of  the  lateral  root  (fig.  168,  l)  enters  the  lateral  geniculate 
body,  Cgl.  Another  part  spreads  over  it,  forming  the  stratum  zonale. 

In  Man,  and  still  more  in  apes,  the  external  geniculate  body  is  heart- 
shaped  in  horizontal  section,  the  apex  being  directed  forwards.  So  deeply 
is  it  split  that  in  certain  frontal  sections  it  often  happens  that  we  see 
two  separate  pieces,  while  only  the  sections  farther  forwards  show  the 
segments  united  into  one. 

The  structure  of  the  corpus  geniculatum  laterale,  Cgl,  is  so  characteristic 
that  it  is  always  easy  to  recognise.  It  consists  of  layers  of  grey  and  white 
matter  irregularly  rolled  in  one  another  (fig.  149).  The  white  strata  are 
formed  partly  of  fibres  of  the  optic  tract  and  partly  of  others,  which  pass 
from  the  corpus  geniculatum  to  the  cortex.  The  grey  layers  are  of  two 
kinds,  some  of  them  consisting  of  large  round  nerve-cells,  others  of  small 
cells,  closely  agglomerated. 

The  arborescent  systems  of  a number  of  optic  fibres  reach  the  cells  of  the 
corpus  geniculatum,  and  the  axis-cylinder  processes  usually  pass  back 
towards  the  optic  radiations,  of  which  I shall  presently  speak. 

A considerable  portion  of  the  external  root,  however,  does  not  enter 
the  lateral  geniculate  body,  but  passes  on  to  the  optic  thalamus,  Tho , 
or  to  the  anterior  corpus  quadrigeminum,  Qa.  Many  bundles  of 
fibres  slip  under  the  external  geniculate  body,  so  as  to  reach  the  back 
part  of  the  thalamus,  the  pulvinar,  helping  to  produce  its  radial  striation. 
Other  fibres  extend  farther  forwards  on  the  surface  of  the  geniculate 
body,  and  take  part  in  the  formation  of  the  white  layer  which  covers 
the  thalamus  (stratum  zonale  thalami).  Very  little  is  known  about  the 
ending  of  these  fibres.  Some  of  them  undoubtedly  sink  into  the  substance 
of  the  optic  thalamus. 

Lastly,  fibres  sweep  over  the  geniculate  body  into  the  brachium  anterius, 
Bqa,  and  so  to  the  anterior  quadrigeminal  body  of  the  same  side,  Qa,  and 
spread  at  first  over  the  surface  of  it.  Thus  it  comes  about  that  the 
external  root  of  the  tract  is  in  connection  with  the  optic  thalamus,  the 
external  geniculate  body,  and  the  anterior  corpus  quadrigeminum.  These 
three  grey  masses  have  this  in  common,  viz.,  they  all  give  fibres  to  the 
corona  radiata.  The  fibres  join  the  sagittal  medullary  tract  of  the 
occipital  lobe  Ss  (fig.  19),  which  comes  from  the  posterior  third  of  the 
posterior  limb  of  the  internal  capsule  and  runs  to  the  cortex  of  the  hinder 
portion  of  the  great  brain,  Co. 

From  the  corpus  quadrigeminum  anterius  the  fibres  of  the  corona  are 
carried  to  the  sagittal  medullary  tract  by  the  brachium  anterius.  The 
cortical  ending  of  the  optic  tracts  will  be  treated  of  later  on. 

(2)  The  mesial  root  of  the  optic  tract  is  easily  followed  to  the  mesial 
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geniculate  body,  in  which  some  of  its  fibres  end.  1 his  is  a grey 
oval  body  united  below  the  surface  with  the  thalamus.  Nerve  cells 
of  medium  size  are  scattered  through  it,  fairly  uniformly ; they  are  some- 
what- more  closely  packed  in  its  ventral  portion  than  elsewhere.  Anothci 
small  portion  of  the  fibres  of  the  internal  root  goes  over  the  mesial  geniculate 
body  to  the  anterior  tubercle  of  the  corpora  quadrigemina;  while  stdl 
another  set  of  fibres  goes  directly  into  the  posterior  tubercle,  perhaps  without 
interruption  in  the  mesial  geniculate  body.  Our  acquaintance  with  both 
origin  and  end  of  these  fibres  is,  however,  still  imperfect. 

Between  the  mesial  corpus  geniculatum  and  the  posterior  corpus  quad- 
rigeminum  a close  connection  is  established  by  fibres  which  course  from 
the  latter,  through  the  brachium,  to  the  former.  In  the  posterior  brachium 
fibres  extend  towards  the  great  brain  attaining  to  its  cortex.  1 he  bundle 
of  fibres  which  passes  from  the  mesial  geniculate  body  to  the  hemisphere 
seems  to  belong  to  the  central  organs  of  hearing  and  to  attain  to  the 
temporal  lobe,  for  Monakow  found  atrophy  of  the  mesial  geniculate  body 
after  extirpation  of  this  portion  of  the  cortex. 

In  most  mammals  the  pulvinar  thalami  is  very  feebly  developed,  and  in 
some  it  is  lacking  altogether,  at  least,  externally.  In  proportion  as  it 
declines  the  external  geniculate  body  becomes  relatively  large.  The  mesial 
geniculate  body,  too,  is  usually  larger  than  in  Man ; in  the  horse,  for 
example,  it  presents  a remarkably  strong  development. 

J.  Stilling  describes  as  a third  or  middle  superficial  root  those  fibres 
which  run  between  the  two  geniculate  bodies  to  the  anterior  tubercles  of 
the  corpora  quadrigemina. 

The  fibres  which  branch  oft’  to  the  crus  cerebri  in  front  of  the  geniculate 
bodies,  might  be  designated  a deep  root.  They  remain  for  a short  distance 
in  the  outermost  part  of  the  crus  (Wernicke),  and  then  join  themselves  to 
the  sagittal  medullary  tract  of  the  occipital  lobe  as  a direct  cortical  root  of 
the  optic  tract,  ltd  (direct  hemispheral  bundle  of  Gudden).  Probably 
the  direct  cortical  root  contains  fibres  from  both  optic  nerves.  J.  Stilling 
asserts  that  he  has  followed  a portion  of  these  fibres  spinalwards  in  the  crus 
as  far  as  the  crossing  of  the  pryamids  (radix  descendens).  Darkschewitsch 
says  that  this  descending  bundle  receives  its  myelin-sheaths  considerably 
earlier  than  the  proper  optic  fibres,  and  is  therefore  to  be  distinguished 
from  them. 

In  the  tuber  cinereum,  and  in  the  portion  of  the  anterior  per- 
forated substance  over  which  the  optic  tract  extends,  lie  large  yellow 
pigmented  nerve-cells  (the  basal  optic  ganglion),  first  described  by  J. 
Wagner.  Nerve-fibres  characterised  by  their  considerable  calibre,  pro- 
bably take  origin  in  these  cells,  and  course  backwards  in  the  optic 
tract,  CM  (Meynert’s  commissure).  In  Man  they  are  separated  from 
the  optic  tract  by  a thin  layer  of  grey  matter.  These  fibres  ultimately 
leave  the  vicinity  of  the  tract  and  traverse  in  curves  the  pes  pedunculi ; 
that  they  end  in  the  corpus  subthalamicum  or  the  globus  pallidus,  as  has 
been  asserted,  is  highly  improbable. 

In  the  tuberculum  cinereum  (above  Meynert’s  commissure,  which 
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is  myelinated  earlier  than  the  optic  tract)  we  see  some  fine  fibres,  which 
cross  in  the  middle  line  and  then  radiato  apart  (see  fig.  152).  Dark- 
sfhewitsch  calls  this  crossing  ‘ Forel’s  decussation  in  the  tuber  cinereum.’ 
Its  fibres  take  rise  directly  from  the  optic  nerve,  and  degenerate  with 
it. 

A weak  root  of  the  optic  nerve,  the  basal  optic  root,  passes  from 
the  chiasm  directly  into  the  central  grey  matter  of  the  third  ventricle. 

When  both  optic  nerves  degenerate,  a large  part  of  both  optic 
tracts  also  comes  to  grief,  as  well  as  the  lateral  geniculate  body,  the 
anterior  tubercle  of  the  corpora  quadrigemina,  and  the  back  of  the 
thalamus  (the  pulvinar).  Portions  of  the  tract,  however  — namely, 
Meynert’s  and  Gudden’s  commissures  — remain  intact ; they  have,  as 
these  experimenters  proved,  nothing  to  do  with  the  optic  nerve  itself, 
for  they  play  no  direct  part  in  the  act  of  seeing.  Since  the  mesial 
geniculate  and  posterior  quadrigeminal  bodies  do  not  suffer,  we  must 
accept  it  for  a fact  that  the  fibres  of  the  commissura  inferior  (Gudden’s 
commissure)  run  in  the  inner  root  of  the  optic  tract,  although  they 
are  not  the  only  fibres  which  it  contains.  Very  little  is  definitely 
known  with  regard  to  these  remaining  elements  of  the  inner  root. 

Gudden’s  tractus  pcduncularis  transversus,  Tpt  (fig.  11),  is  a portion 
of  the  brain  which  atrophies  after  degeneration  of  the  optic  nerve  or 
destruction  of  the  eye  cm  the  opposite  side.  It  begins  in  the  anterior 
quadrigeminal  body,  passes  obliquely  across  the  crus  cerebri,  hooks 
round  its  mesial  border,  and  pierces  the  brain  substance  in  front  of 
the  exit  of  the  oculomotor  nerve.  Very  little  is  as  yet  known  con- 
cerning its  subsequent  course  ; Perlia  observed  a small  bundle  of  its 
fibres  ascending  to  the  oculomotor  nucleus. 

Finally,  DarJcschewitsch  finds  that  after  extirpation  of  one  eyeball, 
a bundle  atrophies  which  leaves  the  tract  on  the  side  opposite  to  that 
on  which  the  operation  has  been  performed  in  the  neighbourhood  of 
the  lateral  geniculate  body,  extends  through  the  thalamus  and  the 
pedunculus  conarii  to  the  pineal  body,  and  so  having  crossed  over  to 
the  side  of  the  operation  again,  is  supposed  to  reach  the  oculomotor 
nucleus  through  the  ventral  portion  of  the  posterior  commissure.  It 
possibly  takes  part  in  reflexes  of  the  pupil. 

After  what  has  been  said  it  will  be  understood  that  the  lateral 
geniculate  and  anterior  quadrigeminal  bodies,  as  well  as  the  thalamus 
(and,  indeed,  the  ganglion-cells  of  the  retina  ought  also  to  be  included), 
constitute  the  primary  centres  of  the  optic  nerves.  Of  these,  the  corpus 
geniculatum  laterale  alone  can  be  regarded  as  a visual  gauglion  in  the 
strict  sense  of  the  term  ( Hensclien ) ; it  alone  is  of  functional  value  in 
conveying  impressions  of  light;  while  the  fibres  of  the  optic  nerve 
which  terminate  elsewhere,  though  taking  part  in  the  complicated 
mechanism  of  vision,  do  not  transmit  impressions  of  light, from  the 
retina  to  the  brain.  These  grey  masses  mediate  between  the  optic 
nerves  and  the  cerebral  cortex  ; they  also  serve  to  bring  together  other 
parts  of  the  brain — v.g.,  the  corpora  quadrigemina  connect  the  optic 
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nerves  with  the  nuclei  of  the  eye-muscle  nerves.  A direct  connection 
between  optic  nerves  and  cerebral  cortex  is  also  found  in  the  direct 
cortical  root  of  the  tract. 

The  fibres  which  course  from  the  primary  visual  centres  to  the 
cortex  turn  to  the  back  and  constitute  a considerable  tract,  the 
sagittal  medullary  layer  of  the  occipital  lobe  (Gratiolet’s  optic  radia- 
tions) lying  at  first  only  on  the  lateral  side  of  the  posterior  horn,  but 
afterwards  extending  round  to  the  mesial  side  also.  The  fibres  from 
the  corpus  geniculatum  laterale  occupy  the  most  ventral  part  of  the 
tract,  forming  a bundle  scarcely  1 cm.  thick  at  about  the  height  of 
the  mesial  temporal  convolution  and  fissure  ( Henschen ).  The  tapetum 
divides  the  bundles  of  the  optic  radiations  from  the  ventricle,  and  the 
fasciculus  longitudiualis  inferior  bounds  them  on  the  outer  side. 

The  parts  of  the  cortex  which  are  to  be  regarded  as  the  terminals 
of  the  optic  fibres,  the  cortical  visual  centres,  Co,  are  already  fairly 
well  known.  We  understand  in  this  definition  the  occipital  lobes  and, 
perhaps,  a part  of  the  parietal  lobes.  But  in  the  narrower  sense  it 
can  only  be  applied  to  a limited  area,  devoted  to  the  reception  of 
impressions  of  light.  This  is  the  cortex  about  the  fissura  calcarina ; a 
region  which  is  characterised  by  peculiarities  of  structure  which  I shall 
describe  later.  Here  we  must  seek  the  centre  for  sensations  of  light 
and  colour  received  by  the  temporal  half  of  the  homo-lateral  retina  and 
the  nasal  half  of  -the  contra-lateral.  According  to  Henschen,  the  macula 
lutea  is  represented  in  the  anterior  part  of  this  region  and  the  periphery 
of  the  retina  in  the  posterior  part ; though  there  is  no  sharp  delimitation 
between  the  fields  of  the  crossed  and  uncrossed  fibres. 

In  cases  of  long-standing  disease  of  the  occipital  lobe  degenerative 
atrophic  changes  have  repeatedly  been  found  in  the  primary  optic  centres ; 
and  sometimes  the  atrophy  can  be  followed  farther  in  the  tract  on  the 
same  side  and  in  both  optic  nerves.  Monakow  produced  a similar  de- 
generation by  destruction  of  the  occipital  lobe  in  animals.  His  experiments 
have  proved  that  the  importance  of  the  anterior  quadrigeminal  tubercle 
to  the  faculty  of  vision  is  enhanced  as  we  descend  the  scale,  and  that 
the  two  other  centres  play  a more  important  part  in  those  animals  in 
which  * psychic  vision  ’ is  the  dominant  factor. 

A thick  fibre-tract,  also  sagittally  directed  and  running  outwards 
from  the  optic  radiations,  the  fasciculus  longitudiualis  inferior,  con- 
nects the  cortical  visual  centre  with  the  temporal  lobe  of  the  same  side. 
Further,  fibres  pass  from  the  cortex  of  the  fissura  calcarina,  through 
the  forceps  major  (bulbus  cornu  posterioris)  to  the  splenium  corporis 
callosi  (Dejervne).  These  probably  constitute  a connection  between  the 
visual  centre  and  the  contra-lateral  temporal  lobe,  and  possibly  between 
the  two  centres  themselves. 

I must  again  point  out  that  the  inferior  commissure,  the  mesial 
geniculate  body,  and  the  posterior  corpora  quadrigemina,  must  not  be 
counted  among  the  central  visual  organs,  as  they  preserve  their  integrity 
after  the  destruction  of  the  optic  nerves,  as  well  as  after  lesions  of  the 
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cortical  visual  area.  They  should  probably  be  included  among  the 
auditory  centres. 

Of  the  physiological  meaning  of  Meynert’s  commissure  we  know 
nothing  at  present. 

A few  words  concerning  the  minute  structure  of  the  corpus  quadri- 
geminum  remain  to  be  written ; but  here  again  I must  observe  that 
much  yet  awaits  explanation. 

The  Anterior  Corpora  Quadrigemina.  — We  have  already 
called  attention  to  the  very  distinct  arch  of  medullated  fibres  which 
is  seen  in  transverse  sections  sweeping  through  the  anterior  quadrige- 
minal bodies  over  the  aqueduct  (c/.  figs.  148,  149).  The  central  grey 
matter  which  surrounds  the  aqueduct  is  cut  off  fairly  sharply  from  the 
region  belonging  to  the  anterior  corpus  quadrigeminum,  which  lies  on 
its  doi sal  and  lateral  sides,  reaching  as  far  as  the  brachium  posterius, 
Brqp. 

Proceeding  from  without  inwards  we  meet  with — 

(1)  A thin  peripheral  layer  of  white  fibres,  which  probably  originates 
directly  in  the  optic  nerve  (stratum  zonale  or  superficial  medullary 
layer).  In  many  herbivorous  mammals  this  layer  is  so  thin  that  the 
corpora  quadrigemina  appear  not  white,  as  in  Man,  but  grey,  owing  to 
the  underlying  grey  matter  showing  through. 

(2)  A not  very  thick  layer  of  grey  substance,  the  nerve-cells  contained 
in  which  are  small  and  few  (peripheral  grey  layer,  cappa  cinerea,  stratum 
cinereum). 

(3)  Grey  substance  with  small  nerve-cells  and  numerous  sagittally 
running  fine  nerve-fibres  which  originate  in  the  brachium  anterius  (strato 
bianco-cinereo  superficiale,  Tavtuferi).  Ganser  divides  this  layer  into  three, 
the  outer  and  inner  containing  more  fibres,  the  middle  more  grey  matter. 
This  region  corresponds  to  the  proper  nucleus  of  the  anterior  tubercle,  Nqa, 
but  it  is  difficult  to  delimit  it  from  the  second  layer. 

(4)  The  fourth  layer,  which  is  sharply  marked  off  from  the  central  grey 
substance  around  the  aqueduct  (strato  bianco-cinereo  profondo,  deep 
medullary  layer,  layer  of  the  fillet),  consists  of  grey  substance  with  cells 
like  those  of  the  preceding  layer,  and  nerve-fibres  which  become  closer  and 
closer  the  greater  the  depth  from  the  surface  (and  the  nearer  they  lie  to 
the  roof  of  the  aqueduct),  and  run  either  radially  or  in  arched  curves. 
Only  a fewr  of  the  innermost  fibres  of  this  layer  have  any  further  relation 
to  the  corpora  quadrigemina,  but  many  of  them  belong  to  the  cerebral 
root  of  the  fifth,  and  are  recognised  by  the  occurrence  amongst  them  of 
occasional  large  vesicular  cells  which  cannot  be  confounded  with  the  other 
cells  of  this  region.  Besides  the  arched  fibres  of  the  fifth  nerve  a bundle 
of  tegmental  fibres  is  also  found  in  this  place,  which  courses  towards  the 
middle  line  and  enters  the  fountain-like  tegmental  decussation. 

In  the  rabbit,  according  to  Darkschewitsch,  the  fibres  for  the  optic  tract 
come  from  the  anterior  two-thirds  of  the  anterior  corpus  quadrigeminum  of 
the  same  side,  and  principally  from  the  outer  part  of  its  surface,  while  its 
mesial  side  gives  origin  to  the  fibres  for  the  cortex  cerebri. 
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After  destruction  of  the  optic  nerves,  it  is  the  third  layer  of  the  corpora 
quadrigemina  which  comes  to  grief.  In  the  mole  and  bat  it'  is  imper- 
fectly developed.  We  may,  therefore,  conclude  that  this  layer  stands 
in  direct  connection  with  the  optic  tract,  while  the  inner,  moic 
deeply  - lying,  medullary  part  of  this  layer  is  connected  with  the 
occipital  cortex  by  way  of  the  internal  capsule ; these  latter  fibres 
also  atrophy  after  destruction  of  the  portion  of  the  cortex  just  mentioned 
{Gamer). 

Thus,  we  see  that  the  superficial  medullary  layer  of  the  corpora 
quadrigemina  is  composed  of  optic  fibres,  the  middle  division  of  the 
medulla  of  fibres  which  course  through  the  anterior  brachium  to  the  optic 
radiations  and  the  cortex  of  the  occipital  lobe,  while  the  deep  medullary 
layer  is,  for  the  most  part,  made  up  of  fibres  ascending  to,  or  descending 
from,  the  tegment. 

A certain  radial  striation  is  usually  recognisable  in  the  anterior  quadri- 
geminal body  on  slight  magnification.  This  is  due  to  the  entering  vessels 
which  take  this  direction,  and  also  to  numerous  fibres  which,  as  I have 
already  mentioned,  assume  a radial  course. 

The  optic  fibres,  after  spreading  over  the  surface  of  the  corpora  quadri- 
gemina, send  their  exceedingly  abundant  end-ramifications  down  to  the 
deep  layers,  where  they  attach  themselves  to  the  nerve-cells  of  the  grey 
substance.  The  course  of  the  axis-cylinder  processes  of  the  cells  of  the 
corpora  is  best  studied  in  the  large  deep-lying  cells.  These  give  off  nerve- 
fibres  which  extend  radially  to  the  central-cavity  grey  substance.  Here 
they  first  turn  ventral  wards,  and  then  curve  under  the  posterior  longitudinal 
bundle  towards  the  middle  line.  At  the  point  where  they  exchange  the 
radial  direction  for  the  downward  curve  they  frequently  divide,  giving  off 
an  arched  ascending  ramus.  Many  of  these  cross  the  Sylvian  aqueduct  to 
the  corpora  quadrigemina  of  the  other  side.  In  numerous  and  graceful 
descending  curves  they  enter  Meynert’s  fountain-like  decussation  of  the  teg- 
ment, and  turn  spinewards  after  reaching  the  contra-lateral  tegmental  region. 
In  Man  they  are  said  to  join  the  fibres  of  the  posterior  longitudinal  bundle 
{Held)  and  to  mediate,  directly  or  by  collaterals,  between  this  region  and 
the  nuclei  of  the  eye-muscles. 

The  great  number  of  ‘ spider  ’ cells,  each  very  rich  in  processes,  which 
lie  in  the  region  of  the  anterior  corpora  quadrigemina,  and  are  supposed  to 
give  to  it  its  relative  firmness  and  hardness,  must  also  be  pointed  out. 

The  anterior  quadrigeminal  body  is  certainly  in  connection  with  the 
following  parts  of  the  brain  : — 

(1)  Directly  with  the  optic  tract  through  the  anterior  brachium. 

(2)  With  the  lateral  geniculate  body,  and  so  indirectly  with  the  optic  tract. 

(3)  With  the  cortex  of  the  occipital  lobe  through  the  anterior  brachium 
and  the  sagittal  medullary  layer. 

(4)  With  the  spinal  cord  (posterior  column)  through  the  mesial  fillet. 

(5)  With  the  nuclei  of  the  eye-muscle  nerves. 

(6)  With  the  end-nuclei  of  the  nervus  acusticus  through  the  lateral 
fillet. 
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As  an  immediate  boundary  of  this  crossing  above  the  aqueduct, 
in  the  anterior  quadrigeminal  area,  is  to  be  found  the  posterior  com- 
missure, which  arches  forwards  round  it.  We  have  already  found  in  this 
commissure  (fig.  149,  l1  cop),  a tegmental  tract  which  passes  to  the  thalamus 
of  the  opposite  side,  as  well  as  the  tract  which  extends  to  Darkschewitsch’s 
nucleus  (nucleus  of  the  distal  commissure).  The  former  can  be  followed 
on  the  ventral  and  lateral  side  of  the  posterior  longitudinal  bundle,  far  down 
into  the  medulla  oblongata  ( Edinger ).  It  is  particularly  well  seen  in  the 
lower  vertebrates.  The  remaining  more  considerable  mass  of  the  posterior 
commissure  is  not  properly  understood.  It  seems  as  if  fibres  of  the  fillet, 
perhaps  also  fibres  from  the  posterior  longitudinal  bundle  and  the  brachium 
anterius,  enter  into  this  commissure,  in  which  it  is  always  necessary  to 
distinguish,  as  Darkschewitsch  does,  a dorsal  and  a ventral  part.  In 
the  former,  fibres  from  the  deep  medullary  layer  of  the  corpus  quadri- 
geminum  are  supposed  to  extend  to  the  cortex  of  the  opposite  side. 

The  posterior  commissure  is  well-marked  in  all  vertebrate  animals,  and  is 
among  the  first  tracts  to  be  invested  with  myelin.  This  applies  especially 
to  its  ventral  part. 

In  the  posterior  tubercle  of  the  corpora  quadrigemina  (fig.  147),  as  in 
the  anterior,  a stratum  zonalc  is  recognised,  under  which  lies  (in  Man)  a 
biconvex  grey  body,  the  ganglion  of  the  corpus  quadrigeminum  posterius. 
For  a considerable  distance  the  nucleus  of  the  two  sides  are  continuous  with 
one  another  in  the  middle  line  above  the  aqueduct.  They  contain  but  few- 
large  nerve-cells  and  a great  many  small  ones.  Some  of  the  cells  have  long 
axis-cylinder  processes,  rich  in  collaterals,  and  some  are  Golgi’s  cells. 
Ventrally  and  mesially  they  reach  almost  as  far  as  the  cerebral  root  of  the 
trigeminus.  Fibres  extend,  from  the  anterior  and  lateral  portions  of  these 
nuclei,  through  the  posterior  brachium  to  the  mesial  geniculate  body,  and 
so  establish  relations  with  the  cortex  cerebri  and  the  mesial  root  of  the  optic 
tract.  Fibres  from  the  lateral  fillet  are  seen  to  enter  the  ventral  and  lateral 
portions  of  the  nucleus.  Above  the  aqueduct,  in  this  region  also,  there  is  a 
decussation  into  which  part  of  the  lateral  fillet  enters ; and  it  is  possible 
that  some  commissurial  fibres  run  in  it. 

In  most  mammals  the  posterior  corpora  quadrigemina  form  an  eminence 
visible  from  the  outside.  In  herbivorous  animals  it  is  small  in  comparison 
with  the  strongly  developed  anterior  corpora,  which  in  them  are  grey 
externally.  In  carnivorous  animals  the  anterior  and  posterior  corpora, 
which  are  white  externally,  are  about  equal  in  size.  In  the  low-er  verte- 
brates the  posterior  tubercle  is  reduced  to  an  insignificant  ganglion  in  the 
lobus  opticus,  and  is  seldom  visible  from  the  outside. 

The  connections  of  the  posterior  tubercle  are  far  less  clear  than  those 
of  the  anterior : — 

(1)  An  indirect  connection  with  the  inner  root  of  the  optic  tract. 

(2)  With  the  cortex  cerebri.  This,  as  well  as  (1),  is  effected  by  the 
brachium  posterius  and  the  mesial  geniculate  body. 

(3)  With  parts  of  the  system  lying  spinewards  (the  auditory  centres 
especially)  via  the  lateral  fillet. 
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Ferrier  and  lit thgv  found  degenerated  fibres  as  far  down  as  the  latcial 
column  of  the  cord  after  destruction  of  the  posterior  corpora  quadrigemina. 

Besides  ascending  (and  occasionally  descending)  degeneration  of  the 
optic  nerve  consequent  upon  a direct  interruption  of  conductivity,  primary 
processes  of  atrophy,  the  exact  meaning  of  which  escapes  us  as  yet,  occur 
in  it  as  an  accompaniment  of  various  forms  of  nervous  disease,  such  as 
tabes  dorsalis,  creeping  paralysis,  and  disseminated  sclerosis.  Atrophy 
may  also  he  induced  by  an  independent  neuritic  process,  usually  inter- 
stitial in  character,  in  the  optic  nerve  itself.  Very  instructive  are  the 
rare  cases  in  which  an  uncrossed  bundle  runs  completely  isolated  in  the 
optic  nerve. 

3.  Oculomotor  Nerve,  Common  Nerve  of  the  Eye- 
Muscles. — The  root-bundles  of  the  nerve  for  the  eye-muscles  in  general 
originate  in  several  groups  of  nerve-cells,  which  lie  to  the  dorsal  side  of 
the  posterior  longitudinal  bundles,  Nil  I (figs.  148-150,  104).  The  whole 
oculomotor  nucleus  extends  about  5 or  6 mm.  in  a sagittal  direction. 

The  oculomotor  nerve  contains  fibres  destined  for  several  muscles 
differing  widely  among  themselves  and  more  or  less  independent  of  each 
other  in  function.  It  is,  therefore,  not  surprising  to  find  that  these 
different  bundles  arise  from  separate  nuclei  of  origin.  A superficial 
examination  of  the  area  in  which  the  nerve  originates  is  sufficient  to  show 
that,  as  a matter  of  fact,  we  can  distinguish  groups  of  small  cells  and 
groups  of  cells,  relatively  large,  which  may  all  claim,  with  more  or  less 
justification,  to  be  regarded  as  its  cells  of  origin. 

To  the  dorsal  side  of  the  posterior  longitudinal  bundle  we  see  a group  of 
large  cells  occupying  the  entire  region  of  the  anterior  corpora  quadrigemina. 
This  is  the  lateral  nucleus  (nucleus  posterior  of  Edinger,  chief  nucleus 
of  Kolliker),  and  is  rendered  conspicuous  in  Weigert’s  preparations  by 
its  grey  colour,  due  to  the  rich  network  of  fine  medullated  fibres  which  it 
contains.  It  is  sometimes  divided  into  a medio-ventral  (fig.  169,  v)  and  a 
dorso-lateral  part  (d).  Some  cells  from  this  group  can  be  followed  towards 
the  middle  line,  others  thrust  themselves  among  the  fasciculi  of  the 
posterior  longitudinal  bundle,  while  some  are  found  even  on  its  ventral 
side,  b (Bemheimer’s  lateral  cells).  Distalwards,  between  the  anterior  and 
posterior  corpora  or  thereabouts,  the  lateral  nucleus  is  joined  by  the 
nucleus  of  the  nervus  trochlearis  (fig.  154),  often  with  a slight  interrup- 
tion. These  nuclei  are  easily  distinguished  in  a cross-section,  the  round 
trochlear  nucleus  being  embedded  in  a slight  concavity  of  the  posterior 
longitudinal  bundle,  and  sending  out  fibres  laterally,  while  the  oculomotor 
nucleus,  which  is  more  elongated,  merely  lies  close  upon  the  same  bundle, 
and  sends  its  fibres  ventralwards. 

A second  group  of  large  oculomotor  cells  constitutes  the  mesial 
nucleus  (central  nucleus),  fig.  169,  m.  This  is  club-shaped  or  fusiform, 
and  unpaired,  and  lies  in  the  middle  line,  neither  beginning  so  far  back 
nor  extending  so  far  forwards  (brainwards)  as  the  lateral  nucleus. 

Further,  we  should  notice  a group  of  smaller  cells  which  usually  lie 
on  either  side  of  the  middle  line,  and  can  be  followed  laterally  for  a vary- 
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i»g  distance,  the  Edinger-Westpbal  nucleus  (fig.  169,  EW).  It  is,  however, 
l»y  no  means  certain  that  this  should  be  taken  as  belonging  to  the  region 
of  origin  of  the  oculomotor  nerve.  The  constant  mesial  portion  (small- 
celled  mesial  nucleus)  has  also  been  treated  as  distinct  from  the  inconstant 
lateral  portion  (small-celled  lateral  nucleus).  The  nucleus  of  Dark- 
schewitsch  (upper  ocidomotor  nucleus,  nucleus  lateralis  anterior,  nucleus 
of  the  distal  commissure),  visible  at  the  level  of  the  Sylvian  aqueduct, 
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Fig.  169. — Scheme  of  the  origin  of  the  oculomotor  nerve.— v and  cl,  Ventral  and  dorsal 
portions  of  the  lateral  nucleus ; in,  central  nucleus ; EW,  Edinger-Westplial 
nucleus  ; i,  cells  in  the  fasciculus  longitudinalis  superior  (Fid) ; l,  lateral  cells  ; 
CII,  central  grey  matter  of  the  ventricle  ; AS,  aqureductus  Sylvii. 

above  the  anterior  part  of  the  oculomotor  nuclei  just  described  and 
stretching  considerably  farther  forward  (as  far,  indeed,  as  to  the  wall  of 
the  third  ventricle),  has  been  regarded  by  some  as  a nucleus  of  origin  of 
the  oculomotor  nerve,  with  which  it  has,  however,  certainly  nothing  to  do. 
It  belongs  to  the  posterior  commissure  and  the  posterior  longitudinal 
bundle  (cf.  p.  318). 

Between  these  cell-groups  and  the  aqueduct  we  find  in  the  central  grey 
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substance  numerous  large  pale  nerve-cells,  often  closely  packed,  with  no 
intervening  network  of  medullated  fibres,  such  as  is  seen  in  the  oculomotor 
nuclei.  It  is  no  less  certain  that  these  must  not  be  looked  upon  as  cells 
of  origin  for  oculomotor  fibres.  Siemerling  and  Westphal  erroneously  held 
that  the  root  of  the  trochlear  nerve  originates  in  this  group. 

It  is,  however,  very  probable  that  these  cells  stand  in  some  relation  to 
the  oculomotor  and  trochlear  nerves,  though  not  in  that  of  cells  of  origin. 

The  way  in  which  the  fibres  of  the  oculomotor  roots  curve  through 
the  posterior  longitudinal  bundle,  first  into  the  region  of  the  tegment,  and 
then  towards  their  point  of  exit,  has  been  already  described.  In  the  most 
distal  (posterior)  sections  in  which  root-bundles  of  the  oculomotor  nerve  are 
still  to  be  seen,  they  are  usually  found  far  to  the  side,  leaving  a large 
interval  between  themselves  and  the  raphe. 

The  point  of  exit  of  most  of  the  oculomotor  fibres  is  to  be  looked  for,  as 
we  know,  in  the  trigonum  interpedunculare,  and  especially  in  the  sulcus 
oculomotorius.  Not  rarely  single  bundles  traverse  the  crusta.  This 
always  happens  in  the  case  of  the  bundle  which  is  sometimes  present  as  an 
abnormal  lateral  root  (p.  71).  The  root-fibres  from  the  Edinger-Westphal 
nucleus  (3)  and  the  mesial  nucleus  (4)  are  very  noticeably  finer  than 
those  from  the  lateral  nucleus,  and  arc  myelinated  later  ( Bernheimer ). 

Gudden  has  proved  that  in  the  rabbit  the  origin  of  the  oculomotor 
nerves  is  a half-crossed  origin.  In  this  animal  the  nucleus  on  each  side 
is  divided  into  two  clumps,  lying  one  above  the  other.  The  ventral  group 
of  cells  belongs  to  the  nerve  of  the  same  side,  the  dorsal  group  gives  origin 
to  fibres  which  cross  to  the  opposite  side.  The  ventral  group  lies  a little 
farther  forwards  than  the  dorsal  one. 

More  recent  investigators  have  proved  to  demonstration  that  this  parti- 
ally crossed  origin  of  the  oculomotor  nerve  is  common  to  many  animals  (the 
frog,  rabbit,  hen,  and  other  mammals)  and  to  Man.  Crossed  bundles  (1)  are 
found  only  in  the  distal  part  of  the  oculomotor  region.  They  take  rise 
from  the  dorso-lateral  part  of  the  lateral  nucleus  (d)  and  first  pass  ventral- 
wards  on  its  inner  side.  After  crossing  the  middle  line  they  ascend  dorsal- 
wards  again,  and  pierce  the  posterior  longitudinal  bundle  in  such  a manner 
as  to  form  the  most  lateral  of  the  root-bundles.  The  root-fibres  (2)  in  the 
proximal  part  of  the  lateral  nucleus  also  do  not  turn  immediately  towards 
their  point  of  exit,  but  likewise  run  ventralwards  on  the  inner  side  of  the 
posterior  longitudinal  bundle,  and  then  join  the  mesial  root-bundles  on  the 
same  side  (Cramer). 

This  partial  crossing  of  the  root-fibres  of  the  oculomotor  nerve  corre- 
sponds with  the  supposed  double  origin  of  almost  all  motor  nerves  (see  the 
diagram,  fig.  102,  p.  199);  and  we  know  that  most  of  the  muscles  supplied 
by  it  are  governed  from  both  sides  of  the  brain.  Whether  direct  com- 
missural fibres  mediate  between  the  two  oculomotor  nuclei  must  be  left  an 
open  question.  Nussbaum  believed  that  in  the  brains  of  cats  he  had 
discovered  some  fibres  of  this  sort,  and  that  they  were  most  numerous  in 
the  spinal  part  of  the  region.  These  fibres  myelinate  early,  but  are 
probably  simply  the  crossed  root-fibres  of  the  nerve. 
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Duval  and  Laborde  believe  that  the  oculomotor  nerve  of  one  side 
is  connected,  by  means  of  the  posterior  longitudinal  bundle,  with  the 
nucleus  of  the  abducens  nerve  on  the  other  side.  The  fibres,  if  they 
exist,  bike  origin  from  the  anterior  pole  of  the  abducens  nucleus,  sink 
somewhat  ventrally  in  their  course  through  the  tegment,  and,  not  far 
behind  the  oculomotor  nucleus,  go  across  to  the  opposite  side  in  the  dorsal 
tegmental  decussation  ( Nussbaum ).  Here  they  meet  with  root-fibres  of 
the  oculomotor  nerve,  with  which  they  join  company,  on  the  mesial  side. 
This  is  an  anatomical  datum  for  explaining  the  harmonious  working  of  the 
external  rectus  muscle  of  one  side  and  the  internal  rectus  of  the  other. 
If,  however,  we  accept,  with  some  slight  modification,  the  view  advanced 
by  Spitzka,  that  the  crossed  oculomotor  fibres  serve  mainly  to  supply  the 
musculus  rectus,  there  is  no  need  for  such  a crossing  as  Duval  and  Laborde 
have  described.  A connection  between  the  abducens  and  oculomotor 
nuclei  would  be  enough  to  supply  an  anatomical  datum  for  the  synergism 
of  the  two  muscles. 

I may  here  remind  my  readers  that  numerous  collaterals  pass  from  the 
posterior  longitudinal  bundle  to  the  nuclei  of  the  eye-muscles.  We  are  not 
yet  sure  of  their  origin  and  meaning. 

Hensen  and  Vblkers’  experiments  on  the  dog  show  that  the  individual 
terminal  branches  of  the  oculomotor  nerve  originate  in  different  portions 
of  the  nucleus,  which  are  arranged  one  behind  the  other  sagittally, 
although,  anatomically,  they  are  imperfectly  separated.  Farthest  brain- 
wards  lies,  in  the  dog,  the  nucleus  of  origin  for  the  nerves  of  accommodation, 
behind  this  the  centres  for  the  sphincter  iridis,  for  the  rectus  interims, 
rectus  superior,  levator  palpebrse,  rectus  inferior,  and,  last  of  all,  for  the 
obliquus  inferior. 

The  most  important  and  comprehensive  experiments  on  this  subject 
are  those  made  by  Bernheimer  on  apes.  The  external  eye-muscles  are 
supplied  with  nerves  from  the  lateral  nuclei  in  the  following  order: 
In  the  most  posterior  part,  in  front  of  the  nucleus  of  the  trochlearis, 
the  nerve  for  the  musculus  rectus  inferior  of  the  other  side  ori- 
ginates ; farther  forward  the  nerve  for  the  contra  - lateral  obliquus 
inferior,  and  perhaps  for  that  of  the  same  side ; next  the  nerve  for 
the  rectus  interims  of  the  same  side,  and  perhaps  for  that  of  the 
other;  then  follows  the  group  for  the  rectus  superior  of  the  same 
side ; and  the  most  anterior  portions  belong  to  the  levator  palpebral 
of  the  same  side.  The  two-paired,  small-celled  nuclei  (Edinger-Westphal 
nuclei),  and  the  large-celled  mesial  nucleus  must  be  looked  upon 
as  the*  nuclei  for  the  internal  muscles  supplied  by  the  oculomotor 

nerve. 

[It  is  easy  to  trace  the  harmony  between  the  arrangement  of  these  nuclei 
in  sequence  from  behind  forwards,  as  described  by  Hensen  and  Vblkers,  and 
the  several  stages  in  the  act  of  searching  for  an  object  and  concentrating 
the  gaze  upon  it.  The  head  being  first  turned  in  the  required  direction, 
with  adaptive  movements  of  the  oblique  and  other  muscles  of  the  eye, 
the  object  is  searched  for  on  the  ground  near  the  feet,  whence  the  eyes 
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arc  directed  outwards  over  the  plain  (superior  recti),  the  lids  being  lifted 
from  before  the  pupils.  As  soon  as  the  object  is  found  the  eyeballs  .are 
converged  upon  it  (by  the  internal  recti),  the  size  of  the  pupil  is  regulated 
to  the  amount  of  light  (by  the  sphincter  iridis),  and,  lastly,  the  lens  is 
focussed  for  the  distance.  Although  these  several  actions  occur  simul- 
taneously as  far  as  we  can  tell,  it  is  clear  that  the  position  of  the  se\  eral 
nerve-centres  coincides  with  the  order  in  which  the  movements  have  been 
evolved.] 

It  appears  that  (in  rabbits  and  guinea-pigs,  at  least)  the  fibres  for  the 
uppermost  portion  of  the  facial  nerve,  especially  for  the  part  supplying  the 
orbicularis  palpebrarum,  originate  in  the  most  posterior  (spinal)  part  of  the 
oculomotor  nucleus  ( Mendel ) which  stands  in  a peculiarly  intimate  functional 
relation  to  the  act  of  seeing  and  the  external  eye-muscles.  These  fibres 
would  then  pass  to  the  genu  facialis  in  the  posterior  longitudinal  bundle, 
and  there  join  the  other  root-fibres  of  the  facialis. 

Small  circumscribed  foci  of  destruction,  affecting  only  one  cell-group 
of  the  oculomotor  nucleus,  are  of  extremely  rare  occurrence  in  Man. 

The  observations  of  Kahler  and  Pick  that  the  pupillar  fibres  of  the 
oculomotor  nerve  runs  in  its  anterior  bundles,  are  especially  decisive. 
The  posterior  bundles  of  fibres  are  regarded  as  destined  for  the  outer 
eye-muscles ; they  are  divided  into  a lateral  group  (for  the  levator 
palpebraj,  the  most  lateral,  rectus  superior,  and  obliquus  inferior,  which 
have  a close  functional  connection),  and  a mesial  group  (for  the  rectus 
internus  and  rectus  inferior). 

The  pupillar  fibres  and  those  of  the  nerves  of  accommodation  run  close 
to  the  middle  line  to  reach  their  point  of  exit.  They  may  therefore 
remain  intact  in  diseases  of  the  crusta  which  affect  all  the  rest  of  the 
oculomotor  region. 

In  several  cases  ( Leube , Spitzka)  ptosis  has  been  observed  in  conjunc- 
tion with  the  destruction  of  the  most  lateral  part  of  the  large-celled 
oculomotor  group  of  the  same  side. 

It  must  be  allowed  that  the  oculomotor  nucleus  is  closely  connected 
on  the  one  side  with  the  central  mechanism  of  sight,  and  on  the  other 
side  with  motor  regions  of  the  cortex ; our  knowledge  on  these  points 
is  still,  however,  very  imperfect.  As  coming  within  the  former  category 
must  be  mentioned  the  radial  fibres  which  stream  from  the  nuclei  of 
the  anterior  quadrigeminal  body  into  the  central  grey  matter  of  the 
ventricle,  and  enter,  farther  on,  into  the  fontanal  decussation  of  the 
tegment.  Possibly  the  numerous  cells  of  the  central  grey  matter  may 
have  some  significance  bearing  upon  the  oculo-pupillar  and  other  relations 
which  exist  between  the  nervous  opticus  and  the  nuclei  of  the  eye- 
muscles.  We  know,  moreover,  that  the  arcuate  fibres  of  the  deepest  layer 
of  the  corpora  quadrigemina  send  numerous  collaterals  into  the  central 
grey  matter  of  the  ventricles  (p.  345).  According  to  Bechterew’s  view, 
which  is  not  as  yet  supported  by  sufficient  anatomical  data,  the  centri- 
petal fibres  of  the  oculomotor  nucleus  which  subserve  pupillar  movements 
arc  supposed  not  to  extend  backwards  in  the  optic  tract,  but  to  leave  at 
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the  chiasm  for  the  brain-substance,  entering  the  central  grey  matter  of  the 
ventricle  and  extending  to  the  oculomotor  nucleus  of  the  same  side. 

The  tractus  peduncularis  transversus  may  also  represent  an  indirect 
connection  between  the  oculomotor  nucleus  and  the  optic  nerve. 

The  connection  between  the  oculomotor  nucleus  and  the  cortex  cerebri 
may  be  looked  for  in  all  probability  in  the  fibres  which  pass  dorsalwards 
from  the  crusta  to  the  raphe,  cross  one  another  at  an  acute  angle,  and 
form  a fine  network  of  nerves  lying  on  the  dorsal  border  of  the  lateral 
nucleus  and  the  periphery  of  the  central  nucleus,  but  thickest  in  the 
nuclei  themselves,  into  the  substance  of  which  the  terminal  fibres  enter. 
It  has  not  yet  been  settled  from  what  part  of  the  cortex  cerebri  these 
fibres  pass  in  the  corona  radiata  to  the  oculomotor  nucleus.  The  same  has 
to  be  said  with  regard  to  the  relation  of  other  eye-muscle  nerves  to  the 
cortex.  In  some  cases  of  cortical  disease  (especially  of  syphilitic  origin) 
ptosis  is  the  only  symptom  present  as  far  as  the  eye-muscle  nerves  are 
concerned,  so  that  it  appears  that  the  cerebral  path  of  the  fibres  for  the 
levator  pal pebrse,  in  its  course  towards  the  cortex,  separates  from  the  other 
eye-muscle  tracts.  The  cortical  centre  for  the  levator  palpebrse  has  been 
looked  for  in  the  gyrus  angularis,  since  circumscribed  disease  of  this  part 
of  the  cortex  is  sometimes  associated  with  paralysis  of  the  opposite  eyelid. 

In  the  mole  the  nerves  and  nuclei  of  the  eye-muscles  are  completely 
absent.  In  all  other  mammals  the  oculomotor  nuclei  are  distinctly 
subdivided  into  a number  of  cell-groups,  presenting,  despite  many  varia- 
tions in  different  species,  a certain  typical  arrangement  similar  to  that  met 
with  in  Man.  In  birds  two  cell-groups  can  be  distinguished,  lying  one 
above  the  other,  while  in  reptiles  the  differentiation  can  hardly  be 
recognised  at  all.  It  is  most  pronounced  in  Man  (Spitzlca). 

4.  Trochlear  Nerve  (nervus  patheticus,  superior  eye-muscle 
nerve). — The  origin  of  the  trochlear  nerve  (anterior  trochlear  nucleus)  is 
to  be  looked  upon  as  the  distal  continuation  of  the  nucleus  of  the 
oculomotor  nerve  (of  the  mesio-ventral  portion  of  its  lateral  nucleus), 
from  which  it  is  not,  as  a rule,  sharply  defined.  It  lies  on  the  dorsal 
side  of  the  posterior  longitudinal  bundle  and  partly  also  in  a groove  in  the 
same,  NIV  (figs.  147  and  154).  Since  the  nucleus  of  the  ti-ochlear  nerve 
lies  in  the  plane  of  the  front  of  the  posterior  quadrigeminal  body,  while  it 
takes  its  exit  from  the  brain  much  further  back,  at  the  front  of  the 
velum  medullare  anterius,  it  follows  that  its  intra-cerebral  course  must  be 
of  considerable  length  (rf.  fig.  146  in  particular).  Its  course  spinewards 
within  the  brain  is  somewhat  complicated.  The  root-fibres  which  originate 
from  the  lateral  and  dorsal  part  of  the  nucleus  slope  outwards  across  the 
dorsal  surface  of  the  posterior  longitudinal  bundle  (crus  of  origin,  nuclear 
crus)  ; they  are  then  collected  on  the  mesial  side  of  the  cerebral  root  of 
the  trigeminal  nerve  into  two  or  three  round  bundles,  which  bend 
spinewards  and  somewhat  dorsally  (the  middle  piece  or  descending  crus), 
IV  (fig.  146).  When  they  reach  the  front  of  the  velum  medullare  they 
lie  close  up  against  the  dorsal  edge  of  the  cerebral  trigeminal  root ; here 
they  turn  abruptly  over  towards  the  opposite  side  in  the  roof  of  the 
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aqueduct  of  Sylvius,  IV-  (including  the  proximal  angle  of  the  fourth 
ventricle),  and  take  their  exit  by  the  side  of  the  brachinm  conjunctivum 
(crus  of  exit,  root-crus),  IV3.  As  they  curve  round  the  proximal  angle  of 
the  fourth  ventricle  they  are  almost  the  only  things  to  be  seen  in  the 
section  (fig.  14G  IV'1).  Nothing  in  brain-anatomy  is  more  certain  than  tho 
crossing  of  the  trochlear  nerve  in  the  velum  medullare  antcrius  ; neverthe- 
less,  it  is  by  no  means  impossible  that  a certain  number  of  the  fibres  of  the 
trochlear  nerve  take  their  exit  with  the  issuing  root  of  the  same  side.  If 
this  be  the  case  the  trochlear  nerve  is  no  exception  to  the  rule  with  regard 
to  the  partial  crossing  of  motor  nerve-roots,  although  it  would  still  be 
exceptional  in  the  preponderance  of  its  crossed  root-bundles.  J.  Stilling 
describes  fine  roots  which  come  out  of  the  cerebellum,  run  brainwards 
through  tho  lingula,  and  join  themselves,  perhaps  without  crossing,  to  the 
trochlearis.  A rounded  group  of  the  most  minute  nerve-cells,  which  lies 
immediately  to  the  spinal  side  of  the  proper  (anterior)  trochlear  nucleus 
(c/.  fig.  145,  in  which  it  is  not  lettered)  was  mistakenly  considered  by 
1 Vedphal  to  belong  to  the  trochlear  nerve  (Westphal’s  trochlear  nucleus  or 
posterior  trochlear  nucleus). 

The  numerous  cells  in  the  central  grey  matter  of  the  third  ventricle — 
called  by  Westplial  and  Siemerling,  the  chief  nucleus  of  the  trochlearis — to 
which  I havo  already  referred,  have  likewise  no  direct  connection  with  tho 
root-fibres  of  this  nerve. 

The  fibres  which  pass  in  the  root  of  the  trochlear  nerve  towards  the 
velum  medullare  do  not  all  take  rise  directly  from  the  nucleus,  though 
most  of  the  root-fibres  start  from  its  dorsal  and  lateral  border,  especially 
from  the  former  (fig.  147).  But  as  it  courses  above  the  dorsal  border  of  the 
nucleus  tho  bundle  is  joined  by  other  fibres,  which  wind  round  the  mesial 
border  of  the  posterior  longitudinal  bundle  and  can  be  followed  farther 
ventralwards.  Some  of  them  may,  perhaps,  cross  the  middle  line  and  so 
constitute  the  crossed  part  of  the  trochlear  root,  but  the  majority  certainly 
do  not.  The  ultimate  fate  of  these  fibres  is  uncertain  at  present;  possibly 
they  pass  laterally  again  in  the  posterior  longitudinal  bundle. 

Wo  may  suppose  that  the  connections  of  the  trochlear  nerve  with  the 
great  brain  ( via  tho  raphe),  with  the  corpora  quadrigemina  anteriora,  and 
with  the  posterior  longitudinal  bundle,  is  the  same  as  that  already 
described  for  the  oculomotor  nerve. 

In  the  case  of  the  trochlear  nerve  the  intimate  connection  with  the 
posterior  longitudinal  bundle  can  be  verified.  Fibres  can  be  distinctly 
seen  to  emerge  from  among  the  cells  of  origin  of  the  nerve  and  lose  them- 
selves in  the  thickened,  club-shaped  mesial  part  of  the  bundle.  Neverthe- 
less, Nusshaum’s  observations  on  kittens’  brains  can  hardly  be  held  to 
support  the  idea  that  there  is  a crossed  relation  between  the  root-fibres 
of  the  trochlearis  and  the  abducens  nucleus  (as  taught  by  Duval  and 
Laborde). 

When  the  intra-cerebral  course  of  the  trochlearis  is  studied  in  animals 
certain  important  differences,  especially  as  regards  its  relations  to  the 
cerebral  root  of  the  fifth  nerve,  attract  attention.  In  the  monkey,  in 
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whioli  the  nerve  is  comparatively  well  developed,  we  find  the  same 
conditions  as  in  Man.  In  the  cat  and  the  dog  its  descending  portion  lies  to 
the  outer  side  of  the  cerebral  root  of  the  trigeminus.  In  the  horse  (and, 
perhaps,  still  more  in  the  ox)  it  lies  so  close  to  the  outer  side  of  the  root  of 
the  trigeminus  that  its  bundles,  as  seen  in  transverse  section,  are  disposed, 
not  in  a straight  line,  but  in  an  arch  convex  mesially ; the  curve  is  due  to 
its  course  medianwards  towards  the  velum  medullare.  Its  fasciculi  pierce 
the  trigeminal  root  and  interlace  with  its  fibres  to  such  an  extent  that  some 
of  the  easily-recognised  cells  of  the  trigeminal  root  get  displaced  into  the 
bundles  of  the  trochlearis.  In  lower  animals  (rodents)  the  interlacing  in 
the  trigeminal  and  trochlear  roots  is  usually  still  more  intimate.  In  all 
mammals,  and  also  in  birds,  the  decussation  of  the  trochlearis  can  be  easily 
demonstiated.  In  many  mammals,  the  trochlear  nucleus  is  quite  embedded 
in  the  medullary  substance  of  the  posterior  longitudinal  bundle,  sometimes, 
indeed,  being  shifted  to  the  ventral  side  of  it.  In  such  cases,  the  issuing 
root-fibres  in  their  passage  lateralwards  must  constantly  interlace  with  the 
longitudinal  fibres  of  the  bundle.  The  trochlear  nucleus  is  said  to  be 
specially  well  developed  in  many  reptiles,  Anolis  and  Iguana,  for  example 
(Spitzka). 

5.  Nervus  Abducens  (external  eye  muscle  nerve,  nervus 
oculomotorius  externus,  sixth  pair).— The  nerve  to  the  external 
rectus  muscle  of  the  eye  is  only  considered  in  this  place  on  account  of  its 
relation  to  the  other  ejm-nniscle  nerves. 

We  met  with  the  nucleus  of  origin  of  the  nervus  abducens,  N VI  (errone- 
ously called  the  facialis-abducens  nucleus,  upper  facial  nucleus,  figs.  141 
and  154),  in  the  tegmental  region,  in  the  vicinity  of  the  knee  of  the  facial 
nerve.  It  appeared  as  a fairly  well-defined,  almost  globular  nucleus,  its 
vertical  axis  only  being  somewhat  extended,  made  up  of  largo  stellate  cells. 

From  these  cells  the  root-fibres  of  the  abducens  nerve  originate,  and 
leave  the  nucleus,  for  the  most  part,  by  its  dorsal  or  mesial  border.  The 
former  curl  round  it  in  close  succession,  turning  first  medianwards  and  then 
ventral  wards,  and  unite  with  the  fibres  from  its  mesial  border.  They  are 
thus  collected  into  several  root-bundles,  which  pass  in  gently  curving 
arches  ventralwards  through  the  tegment  and  the  most  distal  region  of 
the  pons  to  their  point  of  exit.  As  this  lies  farther  spinalwards  than  the 
nucleus,  they  must  incline  slightly  in  that  direction.  They  appear  to 
receive  from  the  other  sido  a very  small  accession  of  fibres,  which  pass 
beneath  the  ascending  crus  of  the  facial  nerve,  extend  to  the  raphe, 
traverse  it  for  some  distance  ventralwards,  and  enter  the  nucleus  on  its 
mesial  border.  In  chickens’  brains,  v.  Gehuchten  further  observed  cells  in 
the  vicinity  of  the  facial  nucleus  (the  ventral  abducens  nucleus),  from  each 
of  which  a fibre  proceeded  first  dorsalwards,  then  bent  round  and  applied 
itself  from  the  side  to  the  abducens  root.  Lugaro  also  takes  a similar 
accession  for  granted  in  the  case  of  the  root  of  the  abducens. 

Since  the  facial  root,  during  a great  part  of  its  course,  lies  on  the 
abducens  nucleus,  and  fibres  as  a matter  of  fact  seem  to  come  out  of  the 
nucleus  and  apply  themselves  to  the  facial  nerve,  it  is  easy  to  make 
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pictures  which  give  an  illusory  appearance  of  a partial  origin  of  the  facial 
nerve  in  this  group  of  cells.  Gudden  and  Goiobvs  have,  however,  proved 
that  the  facial  nerve  has  no  connection  with  the  grey  mass  in  question, 
and  that  the  fibres  of  the  facial  nerve  which  seem  to  come  out  of  it  really 
only  cross  it. 

The  abducens  nucleus  may  be  connected  with  the  great  brain  by  fibres 
arcuatse,  which  come  down  in  the  pyramidal  tract,  cross  in  the  raphe,  and 
pass  into  the  abducens  nucleus.  Vi  c have  already  pointed  out  the  connection 
between  the  abducens  nucleus  and  the  posterior  longitudinal  bundle 
(established  principally  by  the  collaterals  of  the  latter),  and  the  part  which 
it,  by  this  means,  takes  in  the  formation  of  the  opposite  oculomotor  nerve. 

A direct  bundle  of  fibres  goes  to  the  abducens  nucleus  from  the  upper 
olive,  Ost  (stalk  of  the  upper  olive,  fig.  172).  In  the  brains  of  adults  it  is 
often  hard  to  distinguish  among  the  multitudinous  fibres  of  all  sorts,  but 
it  is  very  conspicuous  in  the  brains  of  new-born  animals,  being  already 
myelinated.  Since  the  latter  stands  in  close  relation  with  the  auditory 
nerve,  it  is  possible  that  a nerve-root  is  thus  provided  by  which  reflex 
movement  of  the  eyes  in  the  direction  of  the  souud  may  be  effected. 
Kdlli/cer  thinks  that  a connection  with  the  optic  nerve  may  be  established 
by  the  stalk  of  the  olive,  vid  the  anterior  corpora  quadrigemiua  and  the 
lateral  fillet. 

Its  position  in  the  knee  of  the  facialis  makes  the  recognition  of  the 
abducens  nucleus  easy  in  all  mammals. 

Disease  of  the  nuclei  of  the  eye-muscle  nerves,  which  is,  in  many  cases 
at  least,  analogous  with  poliomyelitis,  is  called  poliencephalitis  superior,  or 
nuclear  eye-muscle  paralysis  (ophthalmoplegia  nuclearis). 

A similar  degeneration,  affecting  the  motor  nuclei  farther  spinal  wards, 
and  extending  as  far  down  as  the  hypoglossus  nucleus,  is  known  as 
poliencephalitis  inferior,  or  bulbar  paralysis.  The  two  forms  may  be 
present  in  combination,  and  either  may  run  an  acute  or  a chronic  course. 

Acute  poliencephalitis  usually  results  from  an  encephalitic  or  acute 
haemorrhagic  process  (poliencephalitis  haemorrhagica). 

We  may  assume  that  in  poliencephalitis  superior,  which  is  generally  of 
a progressive  nature,  we  have,  as  a rule,  to  do  with  a primary  degeneration 
of  the  nerve-cells  in  the  motor  nuclei.  The  degeneration  may  vary  in 
character,  even  in  the  same  focus  of  disease,  but  always  ends  in  atrophy. 
It  is,  however,  not  impossible  that  in  many  cases  the  primary  disease  is  a 
hyperannic  and  inflammatory  process  in  the  region  of  the  nuclei,  of  which 
the  degeneration  of  the  nerve-cells  is  a secondary  consequence. 

Degeneration  of  single  oculomotor  nuclei,  or  circumscribed  portions  of 
nuclei,  is  frequently  observed  in  tabes.  Congenital  wasting  of  the  nucleus 
also  occurs. 

6.  Trigeminal  Nerve  (par  quintum). — If  a line  is  drawn  through 
the  substance  of  the  pons,  inclining,  from  the  point  of  exit  and  entrance  of 
the  trigeminal  nerve,  a little  spinewards  towards  the  angle  which  the  floor 
and  roof  of  the  fourth  ventricle  make  with  one  another,  a region  (fig.  143), 
called  on  this  account  the  convolutio  trigemini,  is  met  with,  in  which  the  root- 
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fibres  of  the  trigeminus  converging  from  very  various  regions  of  the  brain, 
come  in  contact  with  certain  of  its  terminal  nuclei  or  nuclei  of  origin. 

It  will  bo  easier  to  impress  upon  the  memory  the  several  bundles 
which  converge  towards  this  point  if  we  bear  in  mind  that  they  come 
from  four  different  directions,  from  the  spinal  cord  and  from  the  cerebrum, 


❖ 


Fig.  170. — Scheme  of  the  central  origin  of  the  nervus  trigeminus. — lis,  Sensory  .root ; 
Jim,  motor  root ; lisp,  spinal  root ; lie,  cerebral  root ; Ns,  sensory  nucleus ; Sg, 
substantia  gelatinosa  ; Nin,  motor  root ; Sf,  substantia  ferruginea  ; Iia,  raphe. 

from  the  side  and  from  the  middle  line ; and  that  they  unite  with  other 
bundles  which  come  from  the  sensory  and  motor  nuclei  of  this  region  itself 
to  form  the  two  peripheral  roots  of  the  nerve  (figs.  143  and  170,  Nm  and 
Ns  ; fig.  143,  NVm  and  NVs. 

The  trigeminal  nerve  leaves  the  pons  in  two  roots,  the  anterior,  sensory, 
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much  the  larger  (portio  major),  and  the  posterior,  smaller,  motor  root 
(portio  minor). 

The  point  of  exit  and  entrance  from  the  pons  lies  somewhat  in  front  of 
the  region  in  which  the  converging  roots  collect  (figs.  143  and  170).  Hence 
the  planes  which  we  have  chosen  for  our  sections  never  show  the  trigeminal 
in  its  full  extent  as  it  traverses  the  pons.  The  sensory  root,  Iis,  extends 
from  the  surface  to  the  convolutio  trigemini  in  a straight  line  directed 
spiualwards ; the  motor  root,  Ilm,  in  an  arch  convex  brainwards.  The 
origin  of' the  several  separate  root-fibres  will  now  be  traced. 

(a)  Sensory  root  of  the  Trigeminus  (portio  major). 

1.  By  far  the  most  important  of  all  the  origins  of  the  trigeminal  can  be 
followed  as  far  downwards  as  the  second  cervical  nerve.  We  have  learnt 
to  recognise  the  crescentic  bundle  which  lies  on  the  outer  side  of  the 
substantia  gelatinosa,  increasing  in  size  as  the  sections  are  carried  farther 
forwards,  and  known  as  the  spinal  root  of  the  fifth  (in  figs.  132  to  14G 
and  in  fig.  170,  Va ; in  fig.  1G8,  lisp).  This  fibre-tract  was  formerly  designated 
the  radix  ascendens,  or  ascending  root  of  the  trigeminus ; but  since, 
physiologically,  its  fibres  conduct  downwards,  and  since,  moreover,  they 
nearly  all  take  origin  in  the  cells  of  the  Gasserian  ganglion,  which  lies  outside 
the  cord,  and  consequently  course  downwards,  the  name  of  descending  root 
has  lately  been  suggested  for  it.  This  name  must,  however,  be  avoided  as 
likely  to  lead  to  confusion  with  the  cerebral  root,  to  which  it  was  formerly 
applied  and  for  which  it  must  be  retained  ; for  this  latter  must  on  no 
account  be  called  the  ascending  root.  The  best  name  for  the  bundle  under 
discussion  seems  to  be  ‘spinal  root’  (racine  bulbaire).  It  constitutes  the 
most  important  part  of  the  sensory  trigeminal  nerve.  The  relation  of  the 
sensory  trigeminal  root  to  the  Gasserian  ganglion  is  the  same  as  that  of  a 
posterior  root  to  the  spinal  ganglion  with  which  it  is  connected. 

We  may  conclude  that  its  mode  of  origin  is  similar  to  that  with  which 
we  are  already  acquainted  in  the  case  of  the  posterior  spinal  roots. 

The  nerve-cells  of  the  Gasserian  ganglion  possess  a single  process, 
which  soon  splits  into  two  branches  ( <f . fig.  170),  the  one  representing  the 
peripheral  nerve-fibre,  the  other  the  central  root-fibre.  As  soon  as  the 
sensory  trigeminal  root  has  traversed  the  pons,  most  (or  all  1)  of  its  fibres 
divide,  like  those  of  the  posterior  spinal  roots,  into  an  ascending  and  a 
descending  branch.  The  ascending  branch  is  usually  much  the  finer,  and 
often  leaves  the  stem-fibre  more  after  the  manner  of  a collateral,  and  soon 
breaks  up  into  its  arborescent  process  either  in  the  sensory  trigeminal 
nucleus,  which  I shall  presently  describe,  or  in  the  substantia  gelatinosa 
(Iiamon  y Cajal).  The  descending  branches  compose  the  well-known 
crescentic  bundle  of  the  spinal  trigeminal  root.  Its  lower  end,  blending 
by  imperceptible  degrees  with  the  border  zone  of  Lissauer,  can  be  followed 
to  below  the  decussation  of  the  pyramids  (Bregmann). 

The  fibres  of  the  spinal  root  give  off  a large  number  of  collaterals, 
some  of  which  are  said  to  have  been  followed  into  the  (motor)  nuclei  of  origin 
of  the  hypoglossus,  facialis,  and  trigeminus  nerves  (this  is  denied  by 
Ramdn  y Cajal) ; and  some  into  the  substantia  gelatinosn,  in  which  they 
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break  up  ( Kollilcer ).  Numerous  nerve-cells,  large  and  small,  have  been 
pointed  out  in  this  region  (especially  by  Ramon  y Cajal).  These  would 
represent  the  terminal  nucleus  of  the  sensory  trigeminal  root.  These  cells 
are  probably  not  confined  to  the  substantia  gelatinosa,  but  extend  into  the 
adjoining  parts  of  the  substantia  reticularis. 

After  partial  severance  of  the  trigeminus  we  obtain  a functional 
dissociation  of  the  spinal  trigeminal  root.  Whenever  the  fibres  for  the 
first  branch  of  the  trigeminus  have  been  severed  (in  rabbits),  degeneration 
has  been  observed  in  the  ventral  part  of  the  crescentic  cross-section.  The 
fibres  for  the  second  and  third  branches  occupy  the  dorsal  division  of  this 
area  ( Bregmann ). 

Degeneration  may,  however,  also  be  observed  in  scattered  ascending 
(centrifugal  ?)  fibres  of  the  spinal  trigeminal  root  ( Biedl ). 

The  cross-section  of  the  spinal  trigeminal  root  is  traversed  obliquely 
by  the  roots  of  the  vagus  and  glossopharyngeal  nerves. 

2.  The  name  of  sensory  trigeminal  nucleus  is  given  to  closely  packed 
clumps  of  grey  substance  consisting  of  small  nerve-cells,  distinguishable  in 
carmine  preparations,  which  are  situate  at  the  point  where  the  spinal  root 
turns  towards  the  surface  of  the  pons  (rf.  fig.  143).  A great  many  sensory 
trigeminal  root-fibres  end  in  these  cell-groups  (middle  sensory  root,  fig. 
170,  2). 

The  sensory  trigeminal  nucleus  extends  a little  farther  brainwards 
than  the  entrance  of  the  sensory  roots,  measures  from  4 to  5 mm.  in  sagittal 
extension,  and  passes,  on  its  spinal  border,  straight  into  the  substantia 
gelatinosa.  Histologically,  however,  it  presents  too  many  points  of 
difference  to  be  regarded  as  identical  with  the  latter  ; at  most  it  should  be 
considered  only  as  a modified  form  of  this  tissue. 

3.  From  the  region  of  the  sensory  trigeminal  root  we  see  fibres  diverge 
laterally  and  stream  into  the  cerebellum  on  the  lateral  side  of  the  brachium 
conjunctivum  (sensory  cerebellar  tract  of  Edinger ; not  represented  in  fig. 
170).  Bechterew  and  others  deny  this  connection  with  the  cerebellum,  but 
are  certainly  mistaken  in  doing  so. 

Others,  again,  imagine  a crossed  ending  for  the  fibres  of  this  root. 
According  to  these  writers,  the  bundles  which  will  presently  be  described 
(under  b,  2),  belong,  not  to  the  motor  root,  but  to  the  portio  major,  and 
merely  pass  through  the  distal  part  of  the  contra-lateral  locus  cceruleus, 
beyond  which  they  can  be  followed  farther  lateralwards  ( Poniatowsky ).* 

(b)  Motor  root  of  the  Trigeminus  (portio  minor,  nervus 
masticatorius). 

1.  The  main  body  of  the  motor  trigeminal  root  (3  to  7)  originates  in  the 
motor  nucleus  (upper  trigeminal  nucleus,  nucleus  masticatorius)  which  can  be 

* See  the  discussion  of  this  question  by  the  translator  on  p.  219.  The  formation 
known  as  substantia  gelatinosa  Rolandi  lies  on  the  concave  side  of  the  brush  of  fibres 
into  which  all  sensory  nerves  spread  out  as  they  enter  the  cerebro-spinal  axis.  The 
substantia  gelatinosa  is  hardly  found  in  the  mid -brain,  for  the  nerves  proper  to  this 
part  are  purely  motor.  Nor  is  it  found  in  the  ’tween-brain,  for  the  two  sensory  nerves 
which  belong  to  this  region,  the  olfactory  and  optic,  have  their  gelatinous  substance 
placed  peripherally  in  the  olfactory  bulb  and  retina  respectively. 
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easily  distinguished  from  the  sensory  nucleus.  It  lies  on  the  mesial  side 
of  the  sensory  root,  and  consists  of  a single  round  grey  mass  of  huge 
multipolar  cells.  Its  sagittal  extension  is  considerably  less  than  that  of 
the  sensory  nucleus.  Here  originates  the  principal  part  of  the  motoi  loot. 
We  may  look  upon  it  as  the  proximal  end  of  that  part  of  the  anteiioi  horn 
(including  the  lateral  horn)  which  was  separated  from  the  central  grey 
mass  by  the  crossing  of  the  pyramids  (fig.  171).  It  thus  represents,  to  a 
certain  extent,  the  continuation  of  the  facialis  nucleus. 

[For  morphological  purposes  it  is  somewhat  important  to  distinguish 
between  these  horns,  or  rather  columns  of  cells  ; the  nucleus  of  the  fifth, 
like  the  nuclei  of  the  seventh  and  eleventh,  belongs  to  the  lateral  column, 
which  gives  origin  to  nerves  supplying  the  muscles  derived  from  the 
‘ lateral  plates.’] 

A much  smaller  proportion  of  the  root-fibres  (4  to  S)  turn  towards  the 
middle  line  in  an  arch  slightly  convex  dorsalwards,  cross  the  raphe  not 
far  below  the  floor  of  the  ventricle,  and  proceed  with  but  little  change  of 
direction  to  the  motor  roots  on  the  other  side. 

This  part  of  the  crossed  motor  root  of  the  trigeminus  takes  origin  from 
the  mesial  part  of  the  nucleus,  which,  in  the  early  stages  of  development, 
is  clearly  distinct  from  the  lateral  part  (His). 

In  electric  fishes  the  motor  nucleus  is  so  much  enlarged  as  to  form  an 
independent  lohe  of  the  brain. 

2.  The  so-called  crossed  descending  root  of  Meynert  (6  and  9).  It  is 
highly  probable  that  the  nerve  receives  an  accession  of  fibres  from  the  large 
darkly-pigmented  cells  of  the  locus  cccrulcus  (substantia  ferruginea,  Sf), 
by  means  of  a bundle  which  runs  from  this  group  of  cells  close  beneath  the 
floor  of  the  ventricle  medianwards  to  the  raphe,  and  after  crossing  and 
piercing  the  posterior  longitudinal  bundle,  turns  a little  spinewards  to  join 
the  sensory  trigeminal  root.  The  cells  of  the  substantia  ferruginea  (fig. 
144,  Led)  belong  to  the  larger  varieties  (50  to  GO  p)  and  are  globular  in 
shape  ; they  contain  a dark  brown  pigment  in  varying  quantities,  some 
having  very  little,  while  others  are  almost  completely  filled  with  fine 
dark  granules.  Some  isolated  cells  of  the  substantia  ferruginea  are  to 
be  found  deep  in  the  substance  of  the  tegment,  and  others  in  the  roof  of 
the  ventricle. 

A considerable  number  of  root-fibres  from  the  substantia  ferruginea  (5) 
apply  themselves  to  the  cerebral  root  (of  which  I shall  speak  presently),  and 
pass  with  it  into  the  motor  root  of  the  same  side. 

This  connection  between  the  trigeminus  and  the  substantia  ferruginea 
is  denied  by  many  ( Poniatowsliy ). 

The  cells  of  the  substantia  ferruginea  appear  to  be  void  of  pigment  in 
all  mammals  except  Man. 

3.  From  the  region  of  the  mid-brain  the  trigeminus  receives  an  import- 
ant accession,  consisting  entirely  of  thick  uncrossed  fibres  which  constitute 
the  cerebral  root  (descending  or  anterior  root,  trophic  root  of  Merkel),  (figs. 
143,  146  ; 171,  Vd,  and  170,  7). 

The  large  round  vesicular  cells  (45  to  60  p in  diameter),  in  which  the 
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fibres  of  the  descending  root  originate,  do  not  form  a compact  group,  but 
are  either  separate  or  united  into  little  clumps  which  lie  on  the  edge  of  the 
central  grey  matter,  and  may  be  followed  as  far  as  the  plane  of  the  anterior 
quadrigeminal  bodies.  In  size  and  shape  they  closely  resemble  the  cells 
of  the  substantia  ferruginea,  which  latter  show  every  transition,  so  far  as 
pigmentation  is  concerned,  to  the  neighbouring  non-pigmented  cells  of 
the  cerebral  root,  with  which  some  of  them  mingle. 

To  the  question  whether  these  cells  possess  protoplasmic  processes  also, 
different  answers  have  been  given.  If  any  such  there  be,  they  are  very 
difficult  to  exhibit  by  the  silver  method  ; the  axis-cylinder  process  is  soonest 
stained,  and  they  have  consequently  been  called  unipolar.  Ramim  y Cajal 
is  of  opinion  that  dendrites  can  be  distinguished  in  the  embryo,  and  that 
they  afterwards  fall  victims  to  a retrogressive  process.  In  successful 
carmine  preparations,  however,  one  can  make  sure  that  many  (perhaps  all) 
of  these  cells  have  several  processes,  some  of  which  must  be  dendrites 
( Kolliker  also  holds  this  view).  In  the  brains  of  young  trout  v.  Gehuchteii 
was  able  to  demonstrate  that  the  cells  in  question  either  possess  a proto- 
plasm process  starting  from  them  directly,  or  are  unipolar  at  first,  and  then 
give  off  dendrites  from  their  one  process  at  some  distance  from  the  actual 
cell. 

The  cross-section  of  the  cerebral  trigeminal  root  forms  a long  figure, 
slightly  convex  outwards  in  Man,  but  in  other  animals  usually  straight 
(cf.  p.  353).  It  lies  up  against  the  posterior  longitudinal  bundle  and  the 
cells  of  the  substantia  ferruginea.  The  other  cells  we  have  just  been 
describing  lie  against  the  mesial  border. 

The  further  we  advance  forwards  the  smaller  is  the  number  of  fibres 
which  appear  in  the  root  in  cross-section.  When  the  anterior  corpora 
quadrigemina  are  reached  the  few  remaining  cells  of  origin  shift  more  and 
more  to  a dorso-mesial  position,  so  that  the  uppermost  fibres  of  the  trigeminus 
curve  downwards  from  somewhere  near  the  middle  line,  as  is  shown  by 
the  occurrence  of  one  or  more  of  the  characteristic  vesicular  cells  above  the 
aqueduct.  The  last  of  the  trigeminal  cells  are  sometimes  found  completely 
isolated  at  the  level  of  the  posterior  commissure. 

In  the  region  of  the  substantia  ferruginea  the  fairly  thick  nerve-fibres 
of  the  cerebral  trigeminal  root  turn  towards  those  which  originate  from  the 
nucleus  masticator i us,  and  the  crossed  motor  fibres  enter  at  the  angle 
formed  by  the  junction  of  these  two  strong  bundles.  The  fibres  of  the 
cerebral  root  are  said  to  send  numerous  collaterals  into  the  nucleus  masti- 
catorius  as  they  pass,  which  terminate  in  exceedingly  rich  plexuses  ( Lugaro , 
llamun  y Cajal). 

Merkel  ascribes  trophic,  Huyuevin  vaso-motor  functions  to  the  cerebral 
root ; and  certainly  the  cells  of  origin  of  these  fibres  differ  so  essentially 
in  minute  structure  from  the  cells  of  the  motor  nucleus  that  they  must 
also  differ  in  function.  This  root  has  certainly  nothing  to  do  with  the 
trochlear  is,  as  Golyi  supposes. 

The  sensory  root,  then,  is  composed  of  the  following  constituents : — 

(1.)  The  spinal  root. 
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(2.)  The  middle  root  from  the  trigeminal  nucleus. 

(3.)  The  cerebellar  root. 

(4.)  The  crossed  sensory  root. 

The  first  and  second  are  certainly  constituents  of  the  root,  and  are 
occasionally  classed  together  as  of  equal  value ; the  third  is  not  accepted 
on  all  hands ; and  the  fourth  is  somewhat  uncertain. 

The  motor  root  is  formed  of  fibres  from — 

(1.)  The  middle  root,  which  originates  in  the  nucleus  masticatorius ; (a) 
chiefly  uncrossed  ; (b)  partly  crossed. 

(2.)  The  substantia  ferruginea  ; (a)  crossed,  (b)  uncrossed. 

(3.)  The  cerebral  root,  uncrossed. 

la  is  certain,  1 b very  probable;  2a  and  2 b also  very  probable ; 3 is 
certain. 

The  connections  of  the  trigeminal  nuclei  with  the  higher 
brain  must  be  complicated  in  proportion  to  the  width  of  distribution  of 
the  nerve  and  the  intricacy  of  its  primary  connections. 

With  regard  to  the  main  body  of  the  sensory  trigeminal  tract,  we  may 
assume  that  the  nerve-cells  of  the  substantia  gelatinosa  and  the  sensory 
nucleus,  among  which  the  root-fibres  terminate,  send  axis-cylinder  processes 
incdianwards.  They  thus  form  internal  arcuate  fibres  ( Kblli/cer ),  of  which 
some  remain  on  the  same  side  (Ramon  y Cajal),  but  the  majority  cross 
after  traversing  the  raphe,  and  proceed  through  the  tcgment  to  the  cere- 
brum (central  sensory  tract)  as  sensory  fibres  of  the  second  class.  They 
are  said  to  give  oft'  numerous  collaterals  during  their  course,  most  of  which 
pass  to  the  nuclei  of  the  motor  trigeminus,  the  vago-glossopharyngeus,  and 
the  facialis  nerves.  I have  already  mentioned  that  the  sensory  root-fibres 
themselves,  which  are  neuron's  of  the  first  class,  form  connections  through 
their  collaterals  with  the  motor  nuclei  of  origin. 

According  to  Wallenberg,  the  secondary  trigeminal  tracts  of  the  spinal 
root  do  not  originate  from  the  substantia  gelatinosa  itself,  but  from  the 
cells  of  the  caput  cornu  posterioris  situate  at  the  mesial  side  of  it.  They 
cross  somewhere  in  the  vicinity  of  the  hypoglossal  nucleus,  and  subse- 
quently lie  on  both  sides  of  the  hypoglossal  roots  and  of  the  root  of  the 
facialis.  Farther  up,  in  the  central  grey  matter  of  the  ventricle,  they  lie 
on  the  outer  side  of  the  cerebral  root  of  the  fifth  nerve,  and  finally  stream 
into  the  thalamus  with  the  mesial  fillet.  Romanow  maintains  that  the 
fibres  of  the  central  tract  of  the  motor  portion  of  the  trigeminus  cross  near 
the  posterior  corpora  quadrigemina.  They  can  be  followed,  however,  to 
the  motor  trigeminal  root  of  the  same  side  as  well. 

It  is  most  likely  that  the  central  motor  tract  detaches  itself  from  the 
pyramidal  tract  and  is  formed  by  fibres  which  pass  through  the  tegment 
(the  most  dorsal  part  of  it,  perhaps)  to  the  raphe,  and  across  it  to  the 
motor  nuclei  of  the  opposite  side  ; but  at  present  this  has  not  been  proved 
to  a certainty.  Siinilar  fibres  may  pass  to  the  cells  of  the  Substantia 
ferruginea  and  the  cerebral  root. 

The  cortical  area  for  the  muscles  which  the  trigeminal  nerve  innervates 
occupies,  apparently,  the  lower  third  of  the  anterior  central  and  the  neigh- 
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bearing  portions  of  the  middle  and  inferior  frontal  convolutions.  A one- 
sided lesion  of  the  cortex,  especially  when  on  the  left  side,  paralyses  the 
jaw-muscles  on  both  sides  (Ilirt). 

In  most  animals  the  trigeminus  and  the  area  in  the  central  system  from 
which  it  originates  arc  far  more  strongly  developed  than  in  Man. 

More  or  less  extensive  degeneration  of  the  spinal  root  of  the  trigeminus 
is  one  ol  the  most  frequent  concomitants  of  tabes,  and  may  be  present  on 
cither  side  or  on  both.  It  has  also  been  observed  in  a case  of  chronic  pro- 
gressive poliencephalitis  ( Bottigev ).  It  may  lead  to  atrophy  of  the  sensory 
nucleus  of  the  nerve  (Oppeuheim).  Degeneration  of  the  cerebral  root  is 
very  rare.  In  progressive  bulbar  paralysis  and  the  bulbar  form  of  amyo- 
trophic lateral  sclerosis  the  degeneration  may  extend  to  the  motor  nucleus  ; 
but  as  this  constitutes  the  upper  end  of  a continuous  column  of  motor  cell- 
groups  (>■/.  fig.  171),  there  are  very  few  cases  in  which  the  disease  can 
advance  so  far  brainwards  without  previously  endangering  the  life  of  the 
patient. 

7.  Facial  Nerve  (nervus  communicans  faciei,  portio  dura 
partis  septimi). — The  nucleus  of  origin  of  the  facial  nerve  lies  very 
close  to  the  spot  at  which  the  nerve  takes  its  exit  from  the  brain,  but 
notwithstanding  this  the  root-fibres  have  an  extremely  round-about 
course  within  the  substance  of  the  brain.  Several  times  they  turn  in  the 
wrong  direction,  and  quickly  leave  it  again  before  they  have  the  good 
fortune  to  discover,  after  many  wanderings,  a way  out  of  their  prison.  The 
way  is  made  as  narrow  as  possible  owing  to  the  pressing  together  of  various 
structures. 

Only  a single  nucleus  of  origin  of  the  facial  nerve  is  known  with  certainty 
(anterior  or  inferior  nucleus),  NVII  (figs.  139  to  111,  154,  and  171).  It 
first  appears  in  the  most  distal  part  of  the  pontal  region,  and  extends  some 
4 mm.  farther  forwards.  It  lies  in  the  formatio  reticularis,  on  the  mesial 
side  of  the  ascending  trigeminal  root,  nearer  to  the  trapezoid  fibres  than  to 
the  ventricular  surface.  This  nucleus  is  very  characteristic,  and  is  not 
easily  confused  with  other  structures,  such  as  the  upper  olive. 

Large  lightly-pigmented  nerve-cells  lie  in  a ground-substance,  which  stains 
darkly  with  carmine,  and  is  broken  up  into  little  bits  by  irregularly-disposed 
mcdullated  fibres  (root-fibres  of  the  facial).  We  must  look  upon  this  nucleus 
as  a thickening  of  the  grey  substance  in  the  formatio  reticularis  lateralis,  and 
thus  also  as  a continuation  of  the  separated  portion  of  the  anterior  horn 
[1  lateral  horn]  and  the  nucleus  ambiguus.  It  is  continued  forwards  by  the 
motor  nucleus  of  the  fifth,  although  the  two  nuclei  arc  not  actually 
contiguous ; spine  wards  its  connection  with  the  grey  columns  of  the  cord  is 
kept  up  by  means  of  the  motor  glossopharyngeal  and  vagus  nuclei.  The 
root-fibres  come  off  from  the  nucleus  cither  singly  or  in  quite  thin  bundles. 
They  converge  in  easy  curves  with  a slight  anterior  deflection  towards  the 
part  of  the  floor  of  the  fourth  ventricle,  which  lies  on  the  dorsal  side  of  the 
posterior  longitudinal  bundle  ( Vila).  This  portion  of  their  course  is  termed 
the  nuclear  crus  of  the  facial  nerve  (crus  of  origin  or  ascending  facial  root). 

Close  to  the  middle  line,  on  the  dorsal  side  of  the  posterior  longitudinal 
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bundle,  which  is  thus  pushed  away  from  the  ependyma  of  the  ventricle,  the 
facial  fibres  (by  this  time  united  into  a single  compact  bundle,  oval  in  cross- 
section),  assume  a directly  sagittal  direction,  and  course  forwards  on  either 
side  the  sulcus  longitudinalis,  distinctly  lifting  up  the  floor  of  the  ventricle 
(eminentia  teres)  for  about  5 mm.,  Vllb  (figs.  141,  142,  154,  and  171). 
This  intermediate  portion  of  the  root  of  the  facial  at  first  grows  in  cross- 
section,  owing  to  the  accession  of  fibres  from  the  facial  nucleus.  It  is  known 
as  the  intervening  or  middle  portion  (the  ascending  limb,  fasciculus  teres, 
Stilling's  constant  root  of  the  trigeminus). 


Fig.  171.— Schematic  projection  of  the  medulla  oblongata.— Po,  Tons;  Brcj,  brachium 
conjunctivum  ; Va,  ascending,  Vd,  descending,  Vm,  motor,  Vs,  sensory  trigeminal 
roots ; NV , m,  motor,  NFs,  sensory  trigeminal  nucleus  ; NVII,  facial  nucleus ; 
VII  a,  b,  c,  facial  root ; VII,  point  of  exit  of  facial  nerve  ; NVI,  nucleus  of  ab- 
ducens  ; IXa,  ascending  glossopharyngeal  root ; IX,  its  point  of  axis  ; No,  nucleus 
olivaris ; A’,  vagus  (or  glossopharyngeal)  nerve,  with  the  origin  of  certain  fine 
fibres  in  the  nucleus  ambiguus,  Na  ; Ga,  anterior  horn  of  the  spinal  cord  ; Ca,  Na, 
NVII,  NV m,  column  of  motor  nuclei  ; NX II,  nucleus  of  hypoglossal  nerve. 

Suddenly  the  facial  root  leaves  the  course  just  described  at  a right  angle 
(fig.  142),  arches  a short  distance  beneath  the  ependyma  dorsally  to  the 
abducens  nucleus,  curls  down  its  outer  side  into  the  tegmental  re<non 
(fig.  141),  and  runs  towards  its  point  of  exit  almost  in  a straight  line 
ventrally,  laterally,  and  distally,  Vile  (issuing  limb  or  root — fig.  140). 

The  double  bending  of  the  facial  nerve  is  termed  genu  nervi  facialis. 

It  is  possible  (fig.  141)  to  see  in  a single  section  the  facial  nucleus  with 
its  crus,  the  issuing  limb  on  the  outer  side  of  the  nucleus,  together  with 
the  intermediate  segment ; and  yet  the  three  pieces  of  the  root  may  appear 
to  be  in  no  way  connected  with  one  another. 

Iu  the  intermediate  segment  the  fibres  arc  united  in  a single  bundle  ; in 
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tho  issuing  limb  they  are  divided  into  separate  bundles,  lying  close  together 
and  varying  in  number  from  four  to  eight. 

Certain  additions  must  still  be  made  to  what  has  been  already  said. 

Fibres  extend  from  the  facial  nucleus  across  the  middle  line  to  reach 
the  root  of  the  opposite  side.  Probably  they  form  part  of  the  beautifully- 
curved  bundle  which  advances  towards  the  raphe,  between  the  posterior 
longitudinal  bundle  and  the  intermediate  portion  of  the  root  (figs.  141,  142, 
and  154).  The  existence  of  this  crossed  root  of  the  facialis  has  sometimes 
been  called  in  question,  especially  by  Bregmann  and  v.  Gehuchtm,  as  the 
result  of  observations  upon  degenerated  nerves  in  rabbits,  and  by  C.  Mayer 
from  similar  observations  on  Man.  These  observers  were  never  (or  only  in 
solitary  instances)  able  to  follow  degenerated  fibres  across  the  middle  line 
in  disease  of  this  nerve.  From  this  circumstance  Lugaro  concludes  that  the 
fibres  which  come  from  the  raphe  only  run  part  of  the  way  with  the  facialis 
root,  and  then  turn  aside  and  leave  it  before  its  exit.  Against  these 
partially-explained  results  we  must  set  the  positive  assertions  of  the  most 
recent  observers  ( Cramer , Ramon  y Cajal). 

We  are  bound  to  take  for  granted  that  fibres  pass  through  the  raphe  to  the 
facial  nucleus  from  the  pyramidal  tract  and  the  contra-lateral  hemisphere  of 
the  great  brain  (with  tho  exception  of  the  lowest  portion  of  the  anterior 
central  convolution,  Exner).  Such  a connection  may  be  looked  for,  according 
to  Kolliker , in  fibres  which  come  out  from  the  ventral  border  of  the 
pyramids  and  turn  first  medianwards  and  then  dorsalwards  to  the  raphe, 
and,  after  crossing,  extend  to  the  facial  nucleus  as  the  most  ventral  of  the 
fibne  arcuatte  intemae.  Fibres  are  also  supposed  to  join  themselves  to  the 
issuing  limb  from  the  cells  which  lie  near  it  (Laura)  as  well  as  from  the 
spinal  trigeminal  root  (Edinger).  I have  already  drawn  attention  to  the 
important  connections  between  the  nuclei  of  the  trigeminus  and  facialis 
(p.  361). 

Since  the  upper  branches  of  the  facial  nerve,  which  contain  fibres  for  the 
orbicularis  oculi  and  frontalis  muscles,  are  not  (as  a rule)  affected  in  central 
disease  of  the  facial  nerve  so  long  as  the  root  remains  intact,  wherever  the 
seat  of  the  disease  may  be,  a different  source  in  the  brain  has  been  sought 
for  them.  For  this  purpose  the  abducens  nucleus  was  hit  upon,  as  we 
have  already  mentioned;  but  this  ‘upper  facial  nucleus’  or  ‘nucleus 
abducens  et  facialis  ’ has,  as  a matter  of  fact,  no  connection  with  the  facial 
nerve.  According  to  Mendel's  researches,  if  the  muscles  supplied  by  the 
upper  facialis  are  destroyed  (in  a new-born  rabbit),  a conspicuous  degeneration 
is  perceptible  after  awhile  in  the  posterior  part  of  the  oculomotor  nucleus 
on  the  same  side  ; it  is  therefore  probable  that  the  fibres  intended  for  the 
superior  facial  originate  in  the  oculomotor  nucleus  of  the  same  side  and  pass 
to  the  genu  facialis  in  the  posterior  longitudinal  bundle,  there  to  join  the 
issuing  limb.  The  circumstance  that  the  most  posterior  part  of  the 
oculomotor  nucleus  remains  sound  after  destruction  of  an  oculomotor  root 
accords  with  this  theory. 

The  cortical  centre  for  the  upper  facialis  probably  lies  near  that  for  the 
oculomotor  nerve,  perhaps  in  the  inferior  parietal  lobe.  At  any  rate,  the  fibres 
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which  pass  from  the  cortical  centre  to  the  oculomotor  nuclei  choose  a course 
by  which  they  avoid  the  parts  of  the  brain  substance  in  which  apoplexies 
and  similar  forms  of  disease  are  most  apt  to  occur.  Only  thus  can  the  fact 
be  explained  that  most  of  the  muscles  supplied  by  the  oculomotor  nerve, 
as  well  as  those  supplied  by  the  upper  facialis,  often  remain  unaffected  in 
disease  of  this  character. 

An  interruption  of  the  connection  between  the  cortical  centre  and  the 
nucleus  of  the  facialis  nerve,  which  is  established  through  the  knee  of  the 
internal  capsule  and  the  crusta,  renders  the  voluntary  innervation  of  the 
muscles  which  it  supplies  impossible,  though  both  halves  of  the  face 
may  work  under  the  influence  of  psychical  emotion  (laughter,  pain,  etc.)  in 
the  same  manner  as  before  ( Nothnagri ).  In  disease  of  the  thalamus  opticus, 
on  the  contrary,  the  voluntary  innervation  of  both  faciales  may  remain 
intact,  while  the  contra-lateral  half  of  the  face  shows  no  movement  expressive 
of  emotion.  We  may,  therefore,  conclude  that  the  facialis  nucleus  is 
intimately  connected  with  the  thalamus  opticus  of  the  other  side,  probably 
through  the  tegment  of  the  crus  cerebri,  and  that  these  last-named  tracts 
arc  devoted  to  the  transference  of  reflex  psychic  impulses  in  the  region  of 
the  facialis. 

On  the  distal  border  of  the  pons  another  thin  bundle  comes  to  light 
between  the  apparent  origin  of  the  facial  and  auditory  nerves,  the  nervus 
intermedins  Wrisbergi  (portio  intermedia),  also  called  the  sensory  root  of 
the  facialis.  It  can  be  followed  at  first  towards  the  periphery  with  the 
other  two,  and  afterwards  unites  with  the  facial  nerve.  It  takes  origin  from 
the  ganglion  geniculi  nervi  facialis,  which  corresponds  to  the  spinal  ganglia  in 
structure,  and  into  which  the  chorda  tympani  enters  as  a peripheral  nerve. 
The  conditions  met  with  in  the  central  end  of  the  nervus  intermedius  are 
probably  to  some  extent  similar  to  those  found  in  the  glossopharyngeus,  and 
will  be  discussed  in  detail  when  we  come  to  treat  of  that  nerve. 

In  progressive  bulbar  paralysis  and  amyotrophic  sclerosis  the  actual  nucleus 
of  the  facialis  is  often  drawn  into  the  degeneration,  while  the  part  of 
the  oculomotor  nucleus  which  should  be  designated  the  superior  nucleus  of 
the  facialis  appears  to  remain  intact. 

In  animals  the  intervening  segment  is  so  short  that  it  is  reduced  to  an 
arch  uniting  the  nuclear  crus  with  the  issuing  crus,  and  containing  the 
abducens  nucleus  in  its  concavity  (horse-shoe  root  of  the  facialis).  In 
many  animals  (ruminant,  for  example,  and  ungulates  with  undivided 
hoof)  the  facial  nerve  is  strongly  developed  and  the  nucleus  is  conspicuously 
large.  It  produces  a distinct  eminence,  the  tuberculum  facialc  externum, 
on  the  lateral  surface  of  the  medulla  oblongata,  behind  the  corpus 
trapezoides.  This  has  been  repeatedly  mistaken  for  the  superior  olive. 

In  many  animals  the  facial  nucleus  is  distinctly  divided  into  a number 
of  separate  groups.  In  the  rabbit  v.  Gehucliten  distinguishes  three  ventral 
groups  of  origin  and  one  dorsal  group.  The  cells  of  all  bear  the  char- 
acteristics of  motor  cells. 

8.  Auditory  Nerve  (nervus  acusticus,  portio  mollis  partis 
septimi).— An  inconvenience  which  is  very  commonly  encountered  in 
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treating  of  the  anatomy  of  the  central  nervous  system  makes  itself  felt  in  a 
peculiar  degree  when  we  come  to  deal  with  the  auditory  nerve.  I refer  to 
the  constantly  changing  designations  of  the  particular  nuclei  from  which 
the  nerve  takes  origin,  as  well  as  of  its  roots.  The  cause  of  this  con- 
fusion in  nomenclature  lies  in  the  different  meanings  attached  to  terms 
expressive  of  relative  positions  (front,  back,  upper,  under).  I shall  therefore 
restrict  myself,  as  far  as  possible,  to  terms  which  do  not  lend  themselves  to 
misinterpretation. 

It  is  satisfactory  to  note  that  we  are  coming  to  a clearer  understanding  of 
the  course  of  the  auditory  tracts,  and  the  divergent  views  of  earlier  days  are 
beginning  to  give  place  to  uniformity  of  opinion,  at  least  on  cardinal  points. 

The  nervus  acusticus  of  anatomists  is  composed  of  two  distinct  nerves, 
both  conducting  centripetally : (1)  the  nervus  cochlearis,  the  actual 
auditory  nerve ; and  (2)  the  nervus  vestibularis. 

Accordingly,  we  must  distinguish  two  roots  of  the  auditory  nerve, 
which  ai’e  easily  kept  apart  in  one’s  mind,  owing  to  the  fact  that  they  lie  on 
cither  side  the  corpus  restiforme,  Grst.  All  the  fibres  which  reach  the 
trunk  of  the  auditory  nerve  on  the  outside  of  the  restiform  body  constitute 
the  lateral  root,  lil  (fig.  172).  The  fibres,  on  the  other  hand,  which  force 
their  way  through  between  the  restiform  body  and  the  spinal  root  of  the 
trigeminus,  belong  to  the  mesial  root,  Rm.  If  a series  of  sections  is  prepared, 
in  the  manner  which  has  been  advocated,  it  will  be  seen  that  the  lateral 
root  is  found  nearer  to  the  spinal  cord  than  the  mesial  root  (it  first  appears 
in  a section  a little  behind  the  one  represented  in  fig.  139);  while  the 
mesial  root  is  still  seen  in  sections  farther  forwards  than  the  lateral  root 
extends  (fig.  142).  The  names  commonly  used  to  distinguish  the  two  roots 
are  thus  explained — the  mesial  root  is  also  known  as  the  ‘deep,’ 
‘superior,’  or  ‘anterior’  root;  the  lateral  as  the  ‘superficial,’  ‘inferior,’ 
or  ‘posterior’  root.  It  is  generally  understood  that  the  lateral  root  belongs 
to  the  cochlear  nerve,  the  mesial  root  to  the  vestibular  nerve.  The  real 
auditory  functions,  therefore,  belong  to  the  lateral  root,  which  might  also 
be  termed  the  radix  cochlearis;  while  the  mesial  root  (radix  vestibularis) 
has  other  work  to  do,  probably  connected  with  the  maintenance  of 
equilibrium.  The  lateral  root  myelinates  a little  the  later  of  the  two. 


(a)  Nervus  cochlearis. 

The  fibres  which  constitute  the  lateral  auditory  root  originate  in  the 
ganglion  spiralc  cochlea1..  The  cells  of  this  ganglion  arc  bipolar,  like  those 
of  the  spinal  ganglia;  their  peripheral  process  penetrates  into  the  organ  of 
Corti,  while  the  central  process  enters  the  stem  of  the  root. 

The  accessory  auditory  nucleus,  inclusive  of  the  tuberculum 
acusticum  (anterior,  ventral,  lateral  nucleus  of  the  anterior  root,  lateral 
acoustic  nucleus,  auditory  ganglion),  must  be  looked  upon  as  the  terminal 
nucleus  of  the  lateral  root ; the  portion  of  this  nucleus  which  lies  between 
the  two  roots  of  the  nerve  is  known  as  the  nucleus  inferior,  or  lateral 
nucleus  of  the  posterior  root,  VUIac  (figs.  139,  140,  and  172,  Nac). 
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This  nucleus  lies  partly  outside  the  proper  brain  substance  on  the  nerve- 
stem.  With  the  exception  of  the  portion  which  is  intercalated  between  the 
two  roots,  it  lies  within  the  lateral  root  and  on  its  lateral  side,  and  sti etches 
np  as  far  as  the  substance  of  the  cerebellum.  It  is  made  up  of  small  round 
cells  closely  packed  together.  At  its  proximal  end  the  cells  often  exhibit  a 
kind  of  capsule,  reminding  one  of  the  arrangement  found  in  the  case  of  tho 
spinal  ganglia,  though  it  must  not  be  regarded  as  homologous  with  them. 
Again,  it  must  be  borne  in  mind  as  a possibility  that  the  auditory  iibres 
do  not  all  join  cells  in  the  ganglion  spirale,  but  that  a number  of  them  do 
not  join  cells  till  they  reach  the  accessory  acoustic  nucleus. 

A mass  which  is  of  no  great  size  in  Man,  and  is  scarcely  marked  ofl 
distinctly  from  the  accessory  auditory  nucleus,  is  known  as  the  tuberculum 
acusticum,  J'ba  (tuberculum  laterale,  superficial  auditory  nucleus,  dorsal 
division  of  the  acoustic  ganglion).  In  most  animals  it  is  present  as  a 
longish  body  of  considerable  size,  mounted,  as  it  were,  on  the  corpus  resti- 
forme  just  before  it  sinks  into  the  cerebellum. 

By  Golgi’s  silver-method  we  can  see  that  the  auditory  fibres  which  enter 
this  nucleus  lirst  divide  into  two  chief  branches,  and  then  subdivide 
freely,  breaking  up  finally  into  extremely  fine  and  rich  terminal  rami- 
fications which  surround  its  cells.  They  are  reported  to  form  a perfect 
basketwork  of  fibres  and  to  end  in  club-shaped  button-like  swellings  {Held). 
A small  number  of  the  auditory  fibres  do  not  end  here,  but  pass  into  the 
striae — presently  to  be  described — or  perhaps,  into  the  corpus  trapezoides 
{Held).  The  cells  of  the  auditory  nucleus  proper  have  quite  short  pro- 
cesses, in  this  resembling  the  granules  of  the  cortex  cerebelli  (fig.  60). 
Those  of  the  tuberculum  acusticum  have,  as  a rule,  two  richly  ramified 
dendrites,  from  the  peripheral  and  central  pole  respectively,  so  that  in  a 
cross-section  they  usually  appear  to  be  placed  radially. 

The  secondary  sensory  auditory  tract  bikes  rise  in  the  accessory  auditory 
nucleus  and  the  tuberculum  acusticum.  At  first  it  runs  a double  course, 
one  part  of  it,  the  corpus  trapezoides,  passing  medianwards  ventrally  to  the 
corpus  restiform  and  the  spinal  trigeminal  root ; and  the  other,  divided  into 
the  stria)  acusticse,  round  the  outer  side  of  the  corpus  restiforme.  From 
the  cells  of  the  auditory  nucleus  proper  fibres  go  in  either  direction ; from 
the  tuberculum  they  nearly  all  pass  to  the  stria)  acustica). 

The  corpus  trapezoides  (or  trapezoideum)  consist  for  the  most  part  of 
fairly  fine  bundles  which  can  be  followed  in  a slight  curve  to  the  upper 
olive,  or  beneath  it  to  the  raphe  and  so  to  tho  other  side,  piercing  and 
splitting  up  the  whole  cross-section  of  the  mesial  fillet  on  their  way. 
Groups  of  nerve-cells  (the  nucleus  trapezoides)  arc  scattered  about  through 
the  substance  of  that  part  of  the  corpus  trapezoides  which  lies  between  the 
upper  olive  and  tho  root  of  the  abducens.  Here  roundish  cells  are  met 
with,  the  axis-cylinder  processes  of  which  go  to  augment  the  corpus  trape- 
zoides. Another  conspicuous  feature  is  the  occurrence  of  thick  axis- 
cylinders  (observed  in  cats,  dogs,  rats,  and  rabbits,  and  known  as  Held’s 
fibres)  which  extend  to  these  cells  and  end  among  them  in  peculiar  close 
fibre-baskets,  cup-like  swellings,  etc.  It  is  fair  to  say  that  Kulliker  thinks 
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that  most  of  these  formations  arc  artificially  produced.  These  fibres  come 
into  connection  with  the  nucleus  trapezoides,  but  their  subsequent  course 
is  at  present  unknown. 

In  most  animals  the  corpus  trapezoides  is  much  larger  than  in  Man,  and 
lies  exposed  from  the  auditory  nucleus  down  to  the  pyramids,  on  account 
of  the  much  slighter  spineward  extension  of  the  pons. 

The  fibres  of  the  corpus  trapezoides  receive  another  accession  from  the 
strife  acusticse,  of  which  I shall  presently  speak. 

With  regard  to  tho  subsequent  course  of  the  fibres  of  the  corpus  trape- 
zoides, we  may  say  : — That  some  of  them  end  in  tho  superior  olive  of  tho 
same  side ; the  majority  in  that  of  tho  opposite  side ; and  some  appear  to 
join  the  lateral  fillet. 

The  superior  olive  (small  olive,  nucleus  olivaris  superior,  nucleus  dcn- 
tatus  partis  commissural  is,  figs.  140,  141,  143,  Nos;  and  fig.  138,  Os)  is  insig- 
nificant in  Man  and  many  animals— e.g.  the  horse  : in  other  animals  (Carni- 
vora, Rodentia,  and  especially  Cetacea)  it  is  well  developed.  It  consists  of  a 
folded  plate  of  grey  substance  and  sovcral  indistinct  subordinate  grey 
masses  lying  to  the  dorsal  sido  of  tho  corpus  trapezoides.  The  ground- 
substance  of  this  structure  scarcely  stains  at  all  with  carmine.  Its 
scattered  round  or  fusiform  nerve-cells  (in  the  dog  40  fi  in  diameter)  contain 
a yellow  pigment,  and  arc  very  closely  packed  together  in  some  places. 
The  terminal  ramifications  of  the  nerve-fibres  which  enter  the  superior  olive 
are  distinguished  by  their  peculiar  richness  and  fineness. 

A small  proportion  of  the  fibres  which  take  rise  from  the  cells  of  tho 
upper  olive  turn  dorsalwards  to  the  abducent  nucleus  (pedunculus  olivre 
superioris),  but  the  majority  unite  with  those  from  the  lateral  nucleus  of 
the  fillet  to  form  the  lateral  fillet,  the  greater  part  of  which  ends  in  the 
posterior  corpora  quadrigemina,  although  a few  of  its  fibres  proceed  farther 
to  the  anterior  corpora  (c/.  p.  310).  It  is  probable  that  a small  part  of 
the  lateral  fillet  (auditory  tract?  ) reaches  to  the  commissure  of  the  contra- 
lateral corpora  quadrigemina  postoriores. 

The  upper  olive  is  also  said  to  be  connected  with  the  roof  nucleus  of 
the  cerebellum  by  the  pedunculus  cerebelli. 

The  name  of  striae  acusticse  (stria)  medullai-es)  is  given  to  fibres 
which  come  out  of  the  accessory  auditory  nucleus  and  tuberculum  acusticum, 
sling  themselves  round  the  corpus  restiformc,  and  course  towards  the  raphe 
under  the  floor  of  the  fourth  ventricle,  usually  so  close  beneath  the 
ependyma  as  to  be  visible  from  the  surface  as  a white  line.  Most  of  these 
fibres  turn  down  ventrally  towards  the  pyramids  on  the  lateral  surface  of 
the  raphe  just  before  they  reach  the  middle  line,  but  they  nearly  all  appear 
finally  to  cross  over  to  the  other  side.  Some  of  them  arrive  in  this  way  at 
the  region  of  the  tegment,  and  there  bend  round  in  a longitudinal  direction 
brainwards. 

Another  set  of  fibres  of  the  stria)  mcdullares  ( Kst ) cross  one  another 
in  the  most  dorsal  part  of  the  raphe,  and  extend  laterally  and  brainwards, 
to  the  vicinity  of  the  locus  cocruleus ; their  termination  cannot  be  stated 
with  certainty  ( Popow  finds  it  in  the  brachium  pontis) ; often  these  fibres 
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form  a compact  bundle  (sometimes  more  than  one)  which  lies  beneath  the 
ependyma  of  the  ventricle,  and  is  known  as  the  conductor  sonorus  [in 
German  ‘Klangstab,’  which  Bergmanu  Latinised  as  above],  fig.  12,  K. 
Groups  of  middle-sized  nerve-cells  with  several  distinct  processes  are  found 
here  and  there  in  the  centre  of  the  conductor  sonorus,  surrounded  on  all 
sides  by  its  fibres  ( Nussbaum ). 

Some  fibres  enter  the  nucleus  funiculi  terctis,  which  reach  it  from  the 
side  in  the  tract  of  the  strioe  medullares. 

Tbo  development  of  the  white  line  visible  from  the  surface  varies 
enormously  in  different  individuals.  In  animals  the  fibres  of  the  stria;  do 
not  lie  on  the  surface  at  all,  but  soon  sink  into  the  deeper  parts. 

At  birth  the  striae  medullares  are  not  myelinated. 

Another  sot  of  fibres  which  serve  as  the  central  continuation  of  the 
accessory  nucleus  and  tuberculum  acusticum  encircling  the  outer  side  of 
the  corpus  restiforme,  scatter  on  reaching  its  mesial  side,  some  of  the 
diverging  fibres  of  the  bundle  going  to  the  large-celled  nucleus,  others 
to  the  triangular  nucleus.  Most  probably  they  only  traverse  these 
nuclei  on  their  way  to  the  tegmental  region,  where  they  bend  round  brain- 
wards  and  join  the  posterior  longitudinal  bundles.  Some  of  these  fibres, 
however,  are  supposed  to  pass  downwards  to  the  corpus  trapezoidcs  and  to 
continue  their  course  with  it  (Kblliker’s  dorsal  bundle  of  the  corpus 
trapezoides),  so  forming  an  indirect  connection  with  the  lateral  fillet. 
But  we  must  own  that  we  are  still  in  the  dark  as  to  the  further  course  of 
most  of  the  strife  medullares. 

According  to  Cramer,  fibres  from  the  accessory  nucleus  pass  into  the 
peduuculus  flocculi,  and  so  enter  the  cerebellum. 

Everything  indicates  that  we  have  to  look  for  the  cortical  centre  of  the 
sense  of  hearing  in  the  temporal  lobes,  especially  the  gyrus  temporalis 
superior  and  the  gyri  transversi,  which  take  rise  from  it,  and  partly  also  in 
the  gyrus  medius.  In  favour  of  this  localisation  we  have,  apart  from  the 
results  of  experimental  investigations,  the  appearance  presented  in  cases  of 
word-deafness,  in  which  lesions  of  this  region,  especially  on  the  left  side, 
are  almost  always  found.  In  the  brains  of  deaf-mutes  a very  perceptible 
atrophy  of  the  upper  temporal  convolution  may  be  present,  although  the 
peripheral  stem  of  the  auditory  nerve  is  intact. 

Monalmo  has  extirpated  the  temporal  lobe  in  the  rabbit,  and  found  a 
consequent  atrophy  of  the  portion  of  the  corona  radiata  which  originates 
in  it,  and  also  of  the  corpus  geniculatum  mediale,  associated  in  the  case  of 
the  latter  with  an  extreme  degree  of  decay  in  the  nerve-cells,  loss  of  fibres 
in  the  brachium  corporis  quadrigemini  posterioris,  as  well  as  atrophy  of  a 
portion  of  the  zona  reticulata  of  the  optic  thalamus.  The  same  results  can 
be  shown  in  the  human  brain  when  defect  of  the  gyrus  temporalis  superior 
has  subsisted  since  infancy.  Thereby  an  unbroken  chain  between  the 
peripheral  nerves  of  hearing  and  the  cortical  acoustic  field  is  completed, 
its  links  being  : — ganglion  spirale  ; radix  coclilearis ; nucleus  accessorius ; 
corpus  trapezoides;  oliva  superior;  lemniscus  lateralis;  corpus  quadri- 
geminum  posterius ; brachium  corporis  quadrigemini  posterioris ; ganglion 
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geniculatum  mediate ; (posterior  part  of  the  internal  capsule  ?) ; lobus 
temporalis. 

The  investigations  of  Ferrier  and  Turner , however,  lead  us  to  conclude 
that  a considerable  proportion  of  the  fibres  of  the  corpus  trapezoides  pass 
without  interruption  straight  into  tho  corpus  geniculatum  mediate. 

The  last  neuron  of  this  chain  is  furnished  by  the  cell  in  the  ganglion 
geniculatum  mediate,  the  nerve-fibre  of  which  traverses  the  internal  capsule 
and  breaks  up  among  the  cells  of  the  cortex  of  the  temporal  lobe.  For  the 
sake  of  simplicity,  the  fibre  (Qp  Co)  in  fig.  172  is  drawn  as  if  proceeding 
straight  from  the  posterior  corpus  quadrigeminum  to  the  cortex. 

Spitzka’s  comparative  observations  also  favour  the  existence  of  such  an 
auditory  path.  In  many  cetacea  he  found  an  extremely  marked  develop- 
ment of  the  posterior  auditory  root,  corpus  trapezoides,  posterior  corpus 
quadrigeminum,  and  corpus  geniculatum  mediale. 

We  must  not,  however,  forget  that  the  nucleus  accessorius,  and  with 
it  the  nervus  cochlearis,  must  have  other  central  connections ; as,  for 
example,  through  such  fibres  of  the  striae  acusticae  as  do  not  intermingle 
with  those  of  the  corpus  trapezoides,  but  can  be  followed  farther  brain- 
wards  in  the  cross-section  of  the  tegment.  Perhaps  these  constitute  the 
connection  with  the  thalamus  opticus  which  must  certainly  exist. 

Held  took  for  granted  that  the  nucleus  accessorius  and  the  cortex  were 
connected  by  a direct  cortical  tract,  but  neither  as  the  result  of  experiments 
on  animals  nor  of  disease  in  Man  has  degeneration  been  followed  beyond 
the  corpus  geniculatum  mediale,  even  when  the  loss  of  the  convolutions  in 
question  has  been  congenital  or  of  very  long  standing.  The  fillet,  corpus 
trapezoides,  and  accessory  auditory  nucleus  seem  to  remain  absolutely  intact, 
which  excludes  the  possibility  of  a direct  connection  between  the  last-named 
and  the  cortex.  Thus  here  we  are  face  to  face  with  conditions  wholly  different 
from  what  we  have  met  with  in  the  optic  central  organs,  where  the 
degeneration  induced  in  young  animals  by  removal  of  the  visual  sphere  can 
be  followed  right  down  to  the  optic  nerve. 

The  cortical  sphere  of  the  auditory  nerve  is  connected  with  the  ganglia 
of  the  pons  by  the  temporal  pontine  tract.  Moreover,  the  two  spheres  are 
brought  into  connection  with  one  another  by  means  of  fibres  which  course 
in  the  forceps  corporis  callosi ; and,  finally,  it  has  been  proved  that  associa- 
tion-fibres pass  hence  to  the  gyrus  angularis  and  the  occipital  lobe  ( Ferrier 
and  Turner). 

( b .)  Nervus  Vestibularis. — The  fibres  of  the  mesial  root  represent 
the  central  processes  of  the  bipolar  nerve-cells  which  compose  the  ganglion 
vestibulare  (Scarpa’s  ganglion).  The  peripheral  processes  of  these  cells 
take  rise  in  the  wall  of  the  membranous  semicircular  canals. 

Lying  at  first  close  up  against  the  mesial  border  of  the  accessory 
auditory  nucleus,  the  thick  bundle  of  the  mesial  root  squeezes  itself 
between  the  corpus  restiforme  and  the  spinal  root  of  the  trigeminus,  and 
spreads  out  on  the  dorsal  side  of  the  latter  towards  the  triangular  and 
large-celled  nuclei,  the  terminal  nuclei  of  the  vestibular  nerves ; every 
fibre  (it  is  said)  dividing  fork-like  on  its  way. 
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(a.)  The  triangular  nucleus  (nucleus  triangularis,  triangular 
auditory  field,  chief  nucleus,  central  or  inner  nucleus,  nucleus  posterior, 
mesial  nucleus  of  the  posterior  root,  dorsal  nucleus,  mesial  portion  of  the 
nucleus  superior  or  nucleus  dorsalis),  VIIIJi  (figs.  139,  140).  Asymmetri- 
cal grey  area  is  seen  in  the  sections  which  show  the  most  anterior  points 
of  exit  of  the  hypoglossal  nerve  (fig.  137) ; it  lies  at  first  on  the  outer  side 
of  the  chief  nuclei  of  the  glossopharyngeal  and  vagus  nerves,  but  reaches 
to  the  raphe  in  sections  farther  forward,  and  assumes  then  a triangular 
form,  its  hypothenuse  corresponding  to  the  surface  of  the  ventricle.  Still 
farther  brainwards  it  retreats  again  from  the  middle  line.  It  disappears 
in  the  region  of  the  abducens  nucleus.  It  may  therefore  be  called  the 
triangular  nucleus,  a title  which  sufficiently  describes  it.  Throughout  the 
whole  cross-section  we  find  nerve-cells,  large  and  small,  not  combined  into 
distinct  groups,  but  dispersed  at  rather  wide  intervals  in  a moderately 
close  network  of  fibres.  Soon  after  the  hypoglossal  nucleus  has  dis- 
appeared some  fairly  large  fusiform  cells  come  into  view  on  the  ventral 
border  of  the  triangular  nucleus,  near  the  middle  line.  They  are  closely 
packed,  with  their  axes  transversely  placed,  and  seem  to  have  some 
connection  with  the  conspicuous  bundle  of  nerve-fibres  which  wraps  round 
the  ventral  border  of  the  nucleus  and  passes  through  the  raphe,  with  a 
slight  inclination  ventralwards,  into  the  substantia  reticulata  of  the  other 
side.  It  has  not  been  proved,  however,  that  these  cells  belong  directly 
to  the  auditory  nerve. 

Isolated  large  nerve-cells  are  also  to  be  found  more  laterally  situate  in 
the  ventral  parts  of  the  auditory  nucleus. 

In  consequence  of  its  relative  poverty  in  cells,  and  of  the  fact  that  the 
terminal  ramifications  of  the  nerve-fibres  are  not  very  rich,  this  nucleus 
looks  fairly  light  in  Weigert-preparations  and  after  impregnation  with 
silver. 

A well-defined  group  of  fusiform  cells  is  constantly  found  in  the 
mesial  angle  of  this  triangular  field,  where  it  attains  to  its  greatest  cross- 
section  (nucleus  funiculi  teretis  sen  medialis).  This  group  reaches  beyond 
the  limit  of  the  nucleus,  both  on  the  cerebral  and  spinal  sides,  and  has 
some  uncertain  direct  connection  with  the  auditory  nerve,  Nft  (figs.  1 37— 
141).  In  many  brains  the  nucleus  funiculi  teretis  attains  a remarkable 
size,  and  fibres  can  then  be  seen  issuing  from  the  nuclei  on  either  side. 
These  fibres  unite  in  the  middle  line  and  form  a bundle  which  courses 
brainwards  beneath  the  ependyma,  and  may  be  called  the  mesial  longitu- 
dinal bundle.  It  appears  to  find  its  terminus  in  the  nucleus  centralis 
superior. 

(b.)  The  large-celled  nucleus. — Under  this  name  we  include  several 
groups,  not  clearly  marked  off  from  each  other,  which  serve  as  termini  for 
the  fibres  of  the  nervus  vestibularis. 

On  the  mesial  side  of  the  corpus  restiforme,  where  it  first  comes  into 
existence,  a nearly  rectangular  area  is  met  with,  readily  distinguishable 
from  its  surroundings,  and  consisting  of  nerve-bundles  cut  across  and 
separated  by  very  little  intervening  grey  substance  (figs.  137-141,  Villa). 
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Roller  has  shown  that  these  fibres  take  origin  directly  in  the  auditory 
nerve,  and  constitute,  therefore,  an  ascending  (or,  more  correctly  speaking, 
a descending,  or  spinal)  root.  The  farther  we  advance  towards  the  proper 
acoustic  region  the  more  extensive  does  the  whole  space  occupied  by  grey 
matter  become,  while  the  nucleus  increases  correspondingly.  Especially 
in  the  most  anterior  sections  (fig.  Ill),  in  which  these  fibres,  then  the 
main  constituent  of  the  mesial  root,  are  bending  laterally  and  vent-rally 
towards  the  point  of  entrance  of  the  nerve,  numerous  nerve-cells  con- 
spicuous for  their  size  are  scattered  about.  The  distinctive  name  of 
Deiters’  nucleus  has  been  given  to  this  region  (lateral  division  of  the 
dorsal  nucleus,  exterior  auditory  nucleus,  mesial  nucleus  of  the  anterior 
root).  It  lies  in  the  lateral  part  of  the  floor  of  the  fourth  ventricle,  but 
changes  its  place  as  soon  as  the  corpus  restiforme  streams  into  the  cere- 
bellum, and  reaches  the  lateral  wall  of  the  ventricle.  It  is  particularly 
well  developed  at  this  point,  and  is  known  as  Bechterew’s  nucleus  (nucleus 
angularis,  chief  nucleus  of  the  vestibular  nerve).  In  Deiters’  nucleus  the 
nerve-cells  are  remarkable  for  their  size,  as  has  been  observed  before,  but 
it  is  in  Bechterew’s  nucleus  that  they  attain  the  largest  dimensions.  In 
most  animals  they  are  considerably  larger  than  in  Man.  The  dendrites  of 
these  cells  are  sometimes  very  long,  and  the  nerve  processes  go  off  in  every 
imaginable  direction  ( Sala ). 

The  large-celled  nucleus  consists,  then,  of — (1)  the  spinal  auditory 
root ; (2)  Deiters’  nucleus  ; (3)  Bechterew’s  nucleus. 

Many  writers  ( Sala  among  them)  maintain  that  root-fibres  or  ascending 
bifurcated  branches  ( Raw/m  y Cajal)  of  the  vestibular  nerve  pass  straight 
into  the  cerebellum  on  the  lateral  side  of  the  large-celled  nucleus. 

I would  again  lay  stress  upon  the  fact  that  the  greater  number  of  the 
vestibular  fibres  end  in  this  nucleus,  and  only  a small  proportion  in  the 
nucleus  triangularis. 

With  the  exception  of  the  connection  with  the  cerebellum,  very  little 
is  known  of  the  connections  and  relations  of  the  terminal  nuclei  of  the 
vestibular  nerve. 

Strong  and  rather  undulating  bundles  of  nerve-fibres  course  dorsal- 
wards  to  the  cerebellum  from  Deiters’  and  Bechterew’s  nuclei,  and  are 
perhaps  joined  by  fibres  from  the  triangular  nucleus.  The  auditory  tract 
of  the  cerebellum  lies  on  the  mesial  side  of  the  pedunculus  cerebelli, 
laterally  to  the  brachium  conjunctivum,  into  which  a considerable  number  of 
its  fibres  enter.  The  remaining  bundles  ascend  to  the  vermis,  and  end 
(usually  after  crossing)  in  the  nuclei  of  the  roof,  and  probably  also  in  the 
nuclei  emboliformis  and  globosus. 

The  following  remarks  may  bo  offered  on  the  subject  of  the  parts  of 
the  brachium  conjunctivum  just  mentioned.  The  more  dorsally-lying 
localities  in  which  the  auditory  nerve  originates,  Bechterew’s  nuclei,  as  we 
have  called  them,  are,  according  to  Fleelutig,  united  with  one  another  by 
commissural  fibres  which  come  out  of  the  cerebellum  in  the  brachia 
conjunctiva  and  bend  round  in  arches  in  the  posterior  angle  of  their 
decussation.  Mendel  had  already  found  that  the  auditory  nerve  sends  a 
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considerable  bundle  to  take  part  in  the  formation  of  the  brachium  con- 
junctivum.  Ramun  ij  Cnjal  gives  the  name  “nucleus  cerebello-acusticus  ” 
to  a group  of  large  nerve-cells  attached  to  the  central  ganglia  of  the  cere- 
bellum (in  the  rat),  in  which  lies  the  bundle  which  courses  from  the  large- 
celled  nucleus  to  the  cerebellum.  Contrary  to  the  generally  received 
opinion,  he  holds  that  all,  or  at  any  rate  most  of  these  fibres  take  origin 
in  the  cerebellum  and  end  in  the  nuclei  of  Deiters  and  Bechterew. 

Very  little  can  be  stated  as  certain  concerning  the  cerebral  connections 
of  the  nuclei  of  the  vestibular  nerve. 

1.  The  Triangular  Nucleus.— Out  of  the  mesial  angle  of  the  triangle, 
plenty  of  fibres,  not  collected  into  bundles,  extend  through  the  posterior 
longitudinal  bundle  to  the  raphe  (Freud)  and  the  tegmental  region  (5). 
Probably  they  form,  therefore,  a central  connection  of  this  nucleus. 
Along  the  whole  ventral  border  fairly  numerous  fibres,  not  collected  into 
bundles,  pass  out  ventralwards,  and  can  be  followed,  like  a fine  shower, 
far  into  the  substantia  recticularis  towards  the  cells  of  the  nucleus  lateralis 
medius. 

2.  The  Large-celled  Nucleus. — Strong  fibres  originate  in  the  large-celled 
nucleus,  and  run  in  a ventro-mesial  direction,  crossing  through  the  issuing 
limb  of  the  facial  nerve  into  the  tegmental  region,  where  they  bend  over 
and  assume  a longitudinal  course  (spinewards,  perhaps,  as  well  as  brain- 
wards)  between  the  abducens  and  facialis  nerves  ( 1 ).  Other  thick  fibres 
extend  as  arcuate  fibres  into  the  raphe  (4)  and  the  tegment  of  the  opposite 
side;  and,  in  this  way,  perhaps,  reach  the  great  brain  (fig.  144). 

Further,  it  is  easy  to  discover  fibres  which  course  from  Deiters’  nucleus 
to  the  nucleus  of  the  nervus  abducens ; and  not  a few  of  the  fibres  of  the 
former  are  said  to  join  the  corpus  trapezoides. 

The  relations  between  the  nuclei  of  the  vestibular  nerve  and  the 
cortex  cerebri  seem  to  be  of  no  great  importance ; which  answers  to  the 
physiological  fact  that  the  impulses  conducted  through  it  seldom  pass 
the  threshold  of  consciousness.  Its  connection  with  the  cerebellum, 
on  the  contrary,  is,  as  we  have  seen,  extremely  intimate. 

[The  eighth  nerve  is  a pure  sensory  nerve.  It  appears,  however,  to  carry 
two  distinct  kinds  of  impressions.  The  organ  of  Corti  is  regarded  as  the 
organ  for  the  analysis  of  sound.  The  cochlear  nerve  carries,  we  therefore 
suppose,  the  impulses  generated  by  the  impact  of  sound-vibrations  of  varying 
period.  In  the  semicircular  canals  of  the  labyrinth  originate  impressions  of 
orientation,  while  the  hair-cells  of  the  utricle  and  saccule  may  take 
cognisance  of  the  amplitude  of  sound-vibrations.  Such  is  the  allocation  of 
function  commonly  ascribed  to  the  several  parts  of  the  internal  ear,  although 
in  neither  case  can  it  be  said  to  be  placed  beyond  the  reach  of  doubt. 

Turning  to  the  auditory  nerve,  this,  as  already  pointed  out,  consists 
distinctly  of  two  separate  parts — (1)  the  ramus  lateralis  seu  cochlearis,  which 
is  the  first  to  myelinate  (when  the  foetus  is  about  30  cm.  in  length) ; (2) 
the  ramus  medialis  seu  vestibularis,  the  fibres  of  which  acquire  their 
medullary  sheaths  somewhat  later  (when  the  foetus  is  about  38  cm  in 
length). 
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Despite  this  complexity  in  its  functions  the  auditory  nerve  is,  like  the 
olfactory  and  optic,  limited  in  its  distribution  to  a single  organ  of  a single 
segment ; we  may,  therefore,  expect  to  find  that,  unlike  the  multi-segmental 
fifth,  ninth,  and  tenth  nerves,  it  will  have  a defined  connection  with  the 
central  tube  of  grey  matter  within  the  cerebro-spinal  axis.  This  is  con- 
spicuously the  case,  for  the  small-celled  grey  matter,  which  is  the  upward 
continuation  of  the  posterior  horn  of  the  spinal  cord,  undergoes  a great 
local  development  beneath  the  floor  of  the  fourth  ventricle.  Into  this  grey 
matter  the  auditory  nerve  pours  its  impulses,  and  it  is  open  to  doubt 


Fig.  172. — Scheme  of  the  central  auditory  apparatus.  — Va,  Spinal  trigeminal  root ; VI, 
root  of  the  abducens  ; VII,  root  of  the  facialis ; Cbll,  cerebellum ; Co,  cortex 
cerebri ; Crst,  corpus  restiforme  ; Ctr,  corpus  trapezoides  ; Kst,  conductor  sonorus  ; 
Lml,  lateral  fillet ; NVI,  nucleus  of  the  abducens  ; Nacc,  nucleus  accessorius  ; ND, 
Deiters’  nucleus ; Nt,  nucleus  of  the  corpus  trapezoides ; Mr,  triangular  nucleus  ; 
Os,  superior  olive ; Ost,  peduncle  of  the  superior  olive ; Py,  pyramids ; Qa,  Qp, 
auterior  and  posterior  corpora  quadrigemina  ; IUi,  raphe  ; El,  lateral  auditory  root ; 
Em,  mesial  auditory  root ; Strm,  striaj  medullares ; Tba,  tuberculum  acusticum ; 
Tgm,  tegmental  region. 

whether  the  search  for  other  nuclei  of  the  auditory  nerve  is  likely  to  prove 
profitable.  The  accessory  nucleus  is  probably  a posterior  root-ganglion.  It 
hardly  appears  large  enough  to  take  the  place  of  root-ganglion  to  the  whole 
auditory  nerve,  nor  is  this  by  any  means  necessary,  for  just  as  we  find 
bipolar  cells  on  the  fine  filaments  of  commencing  olfactory  and  optic  nerves 
(in  the  olfactory  bulb  and  retina  respectively),  so  we  find  the  cochlear 
nerve-fibres  connected,  before  they  leave  the  ear,  with  the  bipolar  cells  of 
the  ganglion  spirale. 

That  sensory  nerve-fibres  join  large  multipolar  cells  appears  unlikely  to 


NUCLEI  OF  IX. 


375 


many  anatomists.  The  translator  is  inclined  to  look  upon  the  so-called 
large-celled  nucleus  of  the  auditory  as  homologous  with  the  scattered  cells 
of  the  posterior  horn,  and  to  suppose  that  these  cells  collect  filaments  from 
the  sensory  plexus  and  despatch  medullated  fibres  to  the  cerebellum  and 
elsewhere.  It  does  not  appear  that  the  nucleus  of  Deitcrs  atrophies  after 
destruction  of  the  ear  ( Baginsky ). 

It  is  well  to  remember  that  while  the  primary  connections  of  the  auditory 
nerve  arc  likely  to  be  simple,  its  secondary  connections  must  certainly  be 
extremely  complex,  for  not  only  do  sensations  from  the  ear  play  an  important 
part  in  orientation,  but  auditory  impulses  start  innumerable  pi otecti\  c 
movements,  and  also  take  part  in  the  highest  degree  in  intellectual  life.] 

Neoplasms  of  various  kinds  originate  in  the  nervus  acusticus.  According 
to  Virchow,  they  are  more  frequent  in  this  nerve  than  in  any  other.  Chalky 
concretions  have  been  repeatedly  observed  in  the  auditory  stem.  In  a 
severe  case  of  aural  hallucination  Flechsi<j  found  the  posterior  corpus 
quadrigeminum  permeated  with  them. 

9.  Glossopharyngeal  Nerve. — From  the  distal  border  of  the  pons 
spinewards  we  meet  with  a succession  of  nerve-roots,  which  at  first  come  out 
through  the  side  of  the  restiform  body  dorsally  to  the  eminentia  olivaris, 
and  lower  down  in  a line  continuing  spinewards  in  the  same  plane  as  far  as 
the  region  of  the  sixth  cervical  nerve.  These  roots  belong  to  the  ninth, 
tenth,  and  eleventh  pairs  of  cranial  nerves. 

Since  the  root-bundles  of  these  nerves  join  one  another  it  is  impossible  in 
the  case  of  most  of  them  to  say,  without  preparation  of  their  peripheral 
nerve-stems,  to  which  of  the  three  they  belong,  especially  as  their  central 
origin  also  agrees  in  many  points.  The  uppermost  roots  belong,  without 
doubt,  to  the  glossopharyngeal  nerve ; the  lowest,  especially  when  they 
come  out  from  the  spinal  cord,  to  the  spiual  accessory. 

Iu  the  glossopharyngeal  nerve  we  must  distinguish  between  sensory  and 
motor  root-fibres. 

The  sensory  fibres  end  in  various  ways  (fig.  138). 

(1)  The  dorsal  vago-glossopharyngeal  nucleus  (small-celled,  sensory 
or  posterior  glossopharyngeal  nucleus).  A portion  of  the  entering  glosso- 
pharyngeal fibres  can  be  seen,  taking  a fairly  straight  course  medianwards, 
with  a slight  inclination  dorsalwards,  through  the  spinal  trigeminal  root  to 
their  terminal  nucleus,  a group  of  cells  on  the  lateral  side  of  the  hypoglossal 
nucleus  in  the  floor  of  the  fourth  ventricle.  This  group  is  almost  destitute 
of  the  felt  work  of  fine  medullated  nerves,  to  which,  in  Weigert’s  preparations, 
the  hypoglossal  nucleus  owes  its  pale  grey  colour,  so  that  this  region  is 
easily  distinguished  by  its  brightness  of  tint. 

This  nucleus  lies  just  below  the  ependyma  of  the  ventricle,  except  where 
(farther  brainwards)  it  is  pushed  more  deeply  into  the  medulla  by  the  chief 
nucleus  of  the  auditory  nerve.  Its  small  cells,  which  arc  for  the  most  part 
spindle-shaped,  form  a compact  rounded  group.  Roundish  darkly-pigmented 
cells  are  found  on  the  periphery  of  this  nucleus,  especially  in  the  more 
dorsal  parts.  Possibly,  however,  these  belong  rather  to  the  vagus  nerve. 

(2)  In  sections  just  below  the  pons,  on  the  dorsal  side  of  the  root-fibres 
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just  described  and  the  ventral  side  of  the  corpus  restiforme,  we  meet  with  a 
thick  homogeneous  bundle  of  fibres,  IXa( figs.  136,  137),  the  spinal  glosso- 
pharyngeal root  (ascending  glossopharyngeal  root,  Stilling’s  fasciculus 
solitarius,  “ respirations-bundel”  of  Krause,  ascending  vagus  root,  trineural 
fasciculus  of  Spitzka,  descending  vago-glossopharyngeal  root,  etc.).  At  first 
it  runs  parallel  with  the  former,  but  before  reaching  the  dorsal  vagus 
nucleus  it  turns  suddenly  spinewards,  and  we  meet  with  it  in  all  succeeding 
sections  down  to  the  lower  end  of  the  decussation  of  the  fillets.  In  cross- 
section  it  appears  as  a conspicuous  round  area,  growing  smaller  by  degrees 
until  it  finally  vanishes.  Throughout  its  vertical  course  it  is  accompanied 
by  small  masses  of  grey  substance,  which  lie  partly  on  the  periphery  of  the 
bundle  and  partly  among  its  fibres.  Histologically  this  grey  substance  (the 
glosso-pharyngcal  nucleus  of  Roller,  vertical  glossopharyngeal  nucleus) 
closely  resembles  the  substantia  gelatinosa  which  we  have  already  noticed 
surrounding  the  spinal  trigeminal  root.  It  reaches  its  greatest  extension 
at  the  bend  of  the  root  and  accompanies  it  on  its  horizontal  course,  but 
rapidly  diminishes  in  quantity  a little  farther  brainwards. 

The  spinal  glossopharyngeal  root  invariably  lies  laterally  to  the  dorsal 
vago-glossopharyngeal  nucleus  and  dorso-laterally  to  the  roots  of  the  vagus 
and  glossopharyngeal,  which  enter  here.  It  is  sharply  circumscribed  by  the 
medullatcd  fibres  which  encircle  it  everywhere  except  on  its  ventral 
margin. 

We  may  take  it  for  granted  that  the  fibres  of  this  root  bend  over 
gradually  into  the  adhering  masses  of  grey  substance,  the  vertical  glosso- 
pharyngeal nucleus,  and  end  among  its  cells.  They  may  perhaps  previously 
give  off  collaterals  to  it. 

Ram&n  y Cajal  thinks  that  all  the  fibres  which  diverge  to  this  nucleus 
are  collaterals,  and  that  all  the  stem-fibres  extend  to  the  spinal  end  of  the 
bundle  and  terminate  in  .a  group  of  cells  lying  in  the  middle  line  behind  the 
central  canal  (the  ganglion  commissurale).  The  fact  that  the  fasciculus 
solitarius  steadily  becomes  poorer  in  fibres  as  it  approaches  the  cord  clashes 
with  this  theory,  and  proves  that  only  a part  of  the  bundle  can  end  in  this 
way.  It  is  probable,  on  the  other  hand,  that  most  of  the  spinal  fibres  find 
their  destination  in  the  posterior  horn,  and,  perhaps,  in  the  nucleus  cuneatus 
(Cramer). 

Other  root-bundles  enter  the  vertical  glossopharyngeal  nucleus  where  it 
projects  above  the  bend  of  tbe  fasciculus  solitarius.  These  must  not  be 
looked  upon  as  a part  of  the  glossopharyngeal  nerve ; they  may  belong  to 
another  nerve-root,  the  nervus  intermedius  Wrisbergi  (cf.  p.  365),  which 
pierces  the  substance  of  the  medulla  oblongata  between  the  facial  and 
auditory  nerves.  The  extent  of  the  region  it  occupies  has  yet  to  be 
determined. 

It  is  very  doubtful  whether  any  fibres  from  the  vagus  unite  with  the 
fasciculus  solitarius.  We  are  positively  certain  that  the  bulk  of  the 
fasciculus  takes  rise  from  the  glossopharyngeal  nerve ; the  accession  from 
that  quarter,  therefore  (if  it  exists  at  all),  must  be  limited  to  a few  isolated 
fibres. 
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(3)  Large-celled  glossopharyngeal  nucleus,  Na  (motor  or  anterior  glosso- 
pharyngeal nucleus,  anterior  column  of  origin  of  the  mixed  lateral  system, 
nucleus  ambiguus,  nucleus  lateralis  medius).  Large  cells  lie  scattered  about 
in  the  substantia  reticularis  grisea  ou  the  ventral  side  of  the  small-celled 
nucleus  of  the  glossopharyngeal  nerve.  They  are  similar  to  the  anterior 
horn  cells  of  the  spinal  cord.  From  these  cells  fibres,  not  united  into 
bundles,  extend  dorsally.  Some  of  these  fibres  bend  round  in  a latero- 
ventral  direction  in  sharp  curves,  and  join  the  glossopharyngeal  nerve  on 
its  mesial  side  (cf.  also  fig.  171,  X).  Another  set,  fewer  in  number,  bend 
towards  the  middle  line,  just  before  they  reach  the  floor  of  the  fourth 
ventricle,  cross  the  raphe,  and  join  the  glossopharyngeal  root  of  the  opposite 
side.  This  large-celled  nucleus  of  the  glossopharyngeal  nerve,  which  is  to 
be  looked  upon,  as  already  explained,  as  a remnant  of  the  anterior  horn  cut 
olf  by  the  crossing  of  the  pyramids,  finds  its  serial  continuation  upwards  in 
the  facial  nucleus,  in  which  the  grey  masses  are  moro  compact,  and  ends 
above  in  the  motor  nucleus  of  the  fifth.  Fig.  171  shows  this  succession  of 
motor  nuclei.  [The  translator  has  put  forward  the  theory  that  in  the 
medulla  oblongata  the  anterior  horn  is  truly  withdrawn  to  the  mid 
dorsal  line,  where  it  gives  origin  to  the  hypoglossal  and  sixth  nerves,  and 
that  these  nuclei  (whether  the  nucleus  ambiguus  belongs  to  the  same  group 
as  the  antero-lateral  nucleus  of  Clarke  requires  further  elucidation), 
including  the  nucleus  of  origin  of  the  spinal  accessory  nerve,  are  to  be 
looked  upon  as  the  continuation  upwards,  not  of  the  anterior,  but  of  the 
lateral  horn.  It  was  with  a view  to  obtaining  light  upon  the  problem  of 
the  segmentation  of  the  head  and  the  morphological  value  of  the  cranial 
nerves,  as  indicating  the  limits  of  its  metamers — the  vertebue  composing 
the  skull  was  the  aspect  of  the  problem  as  introduced  by  Olcen — that  the 
translator  hoped  to  find  indications  of  segmentation  in  the  position  of  the 
nuclei  within  the  cerebro-spinal  axis.  It  had  for  a long  time  been  allowed 
that  nerves  are  the  most  conservative  organs  of  the  body  and  longest 
perpetuate  structural  dispositions  which  other  organs  have  discarded,  but 
no  attempt  had,  at  the  time,  been  made  to  look  for  evidences  of  metamerism 
in  the  nuclei  from  which  the  cranial  nerves  grow.  The  division  of  the 
grey  matter  in  the  spinal  coi-d  into  anterior  and  lateral  columns  (horns)  of 
large  cells,  as  well  as  Clarke’s  column  and  the  posterior  horn,  is  obvious ; 
and  the  question  which  must  be  settled  before  attempting  to  homologise 
cranial  and  spinal  segments  is  this — What  is  the  meaning  of  the  distinction 
between  anterior  and  lateral  horns  1 The  answer  to  this  question  is  given 
in  the  cervical  region,  where  the  two  horns  give  origin  to  distinct  nerves — 
the  spinal  accessory  appropriating  the  lateral  horn  to  itself.  This  is  the 
key  to  the  problem  of  the  segmental  disposition  of  the  cranial  nerves — 
for  the  seventh  and  motor  part  of  the  fifth,  both  in  line  of  exit  and  in 
position  of  nuclei,  are  the  successors  of  the  spinal  accessory  in  the  occupation 
of  the  lateral  vesicular  column.  The  division  of  the  cranial  nerves  into 
two  lines  was  noticed  by  Sir  Charles  Bell,  who  supposed  that  the  lateral 
group  (in  which  he  included  the  phrenic,  the  external  respiratory  of  Bell, 
and  the  fourth)  are  thus  disposed,  on  account  of  their  participating  in 
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common  in  the  function  of  respiration.  Another  change  in  the  arrangement 
of  the  nerves  also  marks  the  medulla.  The  vagus  nerve  takes  origin  in 
the  brain  (few  of  the  cranial  nerves  can  be  justly  termed  pure  nerves) 
from  a group  of  cells  which  is,  as  Ross  pointed  out,  a local  enlargement  of 
Clarke’s  column  at  its  upper  extremity.  Here,  then,  in  the  medulla  we 
find  that  each  segmental  nerve  is  split  up  into  four  elements,  anterior 
motor,  lateral  motor,  visceral,  and  sensory,  which,  in  the  nerves  of  the 
spinal  cord,  are  united  into  a single  trunk  (figs.  173  and  174).  On  this 
basis  the  translator  grouped  the  cranial  nerves  for  the  purpose  of  making 
up  the  complement  of  each  single  metamer,  bearing  in  mind,  however,  that, 
as  already  remarked,  the  cranial  nerves  are  seldom  pure  nerves  ; even  when 


Figs.  173  and  174. — Diagrammatic  section  of  tho  spinal  cord  and  medulla,  designed  to 
show  the  relative  positions  of  the  centres  in  the  central  grey  tube  of  the  several 
roots  of  a spinal  and  segmental  cranial  nerve  respectively  ; as  also  the  grouping  of 
the  constituents  of  the  roots.—  a,  Anterior  horn  ; b,  lateral  horn  ; c,  Clarke’s  column  ; 
d,  posterior  horn  ; 1,  anterior  (somatic)  motor  root  or  nerve ; 2,  lateral  splanchnic 
(motor)  root,  which  in  the  lower  spinal  cord  joins  the  anterior  root,  in  the  upper 
spinal  cord  runs  by  itself  as  S’,  the  spinal  accessory,  while  in  the  medulla  it 
accompanies  the  posterior  root ; 3,  visceral  root ; 4,  the  posterior  or  sensory  root 
bearing  a ganglion.  The  spinal  roots  unite  into  a common  trunk.  With  the 
exception  of  those  of  the  trigeminus,  the  cranial  roots  do  not  form  permanent 
associations. 

fibres  of  one  function  greatly  preponderate,  any  nerve  may  contain  the 
vestiges  of  nerves  of  other  function.  To  what  extent  associations  and 
dissociations  have  thus  occurred  the  comparative  anatomist  must  decide. 
Thus  much,  however,  may  be  accepted  as  a basis  for  morphological 
speculation:  the  cranial  nerves,  when  called  in  in  evidence  of  cranial 
segmentation,  must  no  longer  be  arranged  in  linear  scries  of  equal  segmental 
value,  as  was  done  by  Balfour , Marshal,  van  Wijhe,  and  others ; but  must 
be  collected  into  groups,  as  in  Gegenbaur's  scheme,  although  on  different 

Gaslcell  has  taken  up  the  translator’s  scheme,  and  seems  to  have  carried 
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it  to  a very  fruitful  issue,  by  showing  that  fibres  from  the  visceral  and 
the  lateral  columns  of  cells  tend  to  travel  in  company  to  the  splanchnic 
portions  of  the  body,  while  the  fibres  from  the  cells  of  the  anterior  column 
go  to  the  somatic  muscles.  As  must  already  be  abundantly  apparent,  even 
the  most  fundamental  problems  in  the  anatomy  of  the  nervous  system  are 
not  to  be  settled  with  scalpel  and  forceps,  or  with  the  microscope  and  series 
of  sections ; but  physiological  experiment  and  morphological  speculation 
are  alike  called  into  requisition  for  the  purpose  of  cutting  paths  from  which 
to  commence  purely  topographical  explorations  into  the  labyrinth.] 

A certain  harmony  in  the  course  of  these  root-fibres  attracts  attention. 
Facial,  as  well  as  glossopharyngeal  roots  (including  the  vagus)  do  not  take 
the  most  direct  road  to  their  points  of  exit,  but  turn  dorsally  first.  We 
may  conclude  from  this  disposition  of  the  facial  fibres  that  we  are  right  in 
supposing  that  the  motor  glossopharyngeal  fibres  originate  in  the  large- 
celled  nucleus.  The  important  connection  of  the  nucleus  with  the  root  of 
the  opposite  side,  suggests  the  view  that  the  muscles  which  the  nerve 
innervates  (stylopharyngeus  and  constrictor  muscles  of  the  pharynx,  for 
example)  act  bilaterally  and  simultaneously.  There  is  a slight  uncertainty 
about  the  innervation  of  some  of  the  muscles  attributed  to  this  nerve. 

Holm  divides  the  nucleus  ambiguus  into  a lateral  and  a dorso-mesial 
part,  the  latter  being  the  larger. 

Ramon  y Cajal  describes  fibres  which  bend  off  dorsalwards  from  the 
motor  root  and  can  be  followed  into  the  spinal  trigeminal  root.  The 
physiological  meaning  of  these  is  uncertain. 

According  to  Edinger,  the  vagus  and  glossopharyngeal  nerves  receive 
an  accession  (not  numerically  very  considerable)  of  fibres  by  way  of  the 
direct  sensory  cerebellar  tract  (p.  201).  The  same  observer  has  been  able 
to  demonstrate  that  the  fibres  which  curve  out  from  the  ventral  side  of  the 
sensory  nucleus  pass  into  the  contra-lateral  fillet.  This  would  constitute 
the  connection  between  the  sensory  portion  and  the  great  brain.  The 
motor  cerebral  glossopharyngeal  tract  is  probably  established  by  arcuate 
fibres  which  cross  in  the  raphe  and  join  the  pyramids. 

There  can  be  no  question  as  to  the  motor  functions  of  the  fibres  from 
the  nucleus  ambiguus.  Marinesco  is  of  opinion  that  the  nucleus  ambiguus 
supplies  transversely  striped  muscles,  and  that  centrifugally-conducting 
motor  fibres  for  smooth  muscles  originate  from  the  dorsal  nucleus.  With 
regard  to  the  other  roots,  the  striking  similarity  of  the  spinal  trigeminal 
root  and  the  fasciculus  solitarius  must  be  pointed  out.  One  may  suppose 
that  the  latter  serves  to  convey  the  sensory  impressions  of  common  sensation 
which  come  from  the  glossopharyngeal  area. 

Degeneration  of  the  spinal  glossopharyngeal  root,  on  one  side  or  both, 
is  comparatively  common  in  tabes  and  syringo-myelia.  It  is  usually 
coupled  with  degeneration  of  the  spinal  trigeminal  root. 

An  abnormality  of  frequent  occurrence,  known  as  Pick’s  bundle,  must 
not  be  confounded  with  the  spinal  glossopharyngeal  root.  In  cross-section 
this  bundle  appears  as  an  almost  circular  column,  never  much  larger  than 
the  spinal  glossopharyngeal  root,  but  often  of  the  same  size  or  smaller.  It 
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comes  into  view  where  the  decussation  of  the  pyramids  is  at  its  height,  and 
lies  mesially  and  ventrally  to  the  substantia  gelatinosa  of  one  side  only.  Later 
it  is  always  found  on  the  ventral  side  of  the  spinal  glossopharyngeal  root, 
and  finally  reaches  the  dorsal  side  of  the  facial  nucleus.  Its  upper  end  cannot 
be  determined ; in  many  cases  it  disappears  from  the  cross-section  at  a low  level. 

Disease  of  the  nuclei  of  the  glossopharyngeal  nerve  is  usually  hard  to 
recognise.  This  is  especially  the  case  with  the  nucleus  ambiguus,  which 
forms  no  sharply  defined  group.  It  has  been  observed  to  degenerate  in 
bulbar  paralysis  and  in  amyotrophic  lateral  sclerosis  ( Oppenheim ). 

10.  Vagus  Nerve  (pneumo-gastric  nerve,  wandering  nerve, 
nerve  of  the  lungs  and  stomach). — There  is  very  little  to  add  to  what 
has  already  been  told  about  this  nerve  in  connection  with  the  glosso- 
pharyngeal. 

The  vagus  uerve  gets  its  fibres  from  the  same  source  as  the  last-described 
nerve  and  ends  in  the  same  fashion.  Only  the  spinal  root  is  lacking,  or 
represented  by  a few  isolated  fibres  which  join  the  fasciculus  solitarius. 

The  sensory  root  of  the  vagus  ends  in  the  dorsal  vagus  nucleus,  which  lies 
in  the  floorof  the  fourth  ventricle  and  (in  sections  farther  spinewards)  beneath 
the  central  canal.  The  motor  fibres  originate  from  the  nucleus  ambiguus 
of  the  same  side  and  receive  a contingent  from  that  of  the  opposite  side. 

Holm  distinguishes  three  groups  of  cells  in  this  nucleus,  a ventro-mesial 
group  of  large  cells  (respiratory  cells),  a dorso-lateral  group  of  smaller  cells 
(centre  for  tracheal  reflex),  and,  finally,  those  in  the  part  nearest  to  the 
fasciculus  solitarius.  He  assigns  the  last  group  to  the  glossopharyngeal 
nerve,  under  the  name  of  sensory  glossopharyngeal  nucleus.  We  must, 
however,  suppose  that  the  sensory  glossopharyngeal  fibres  which  do  not 
enter  the  fasciculus  solitarius  find  their  destination  in  the  proximal  parts 
of  the  sensory  vago-glossopharyngeal  nucleus. 

In  most  fishes  the  vagus  nucleus  attains  a very  remarkable  development; 
the  reason  being  that  the  lateral  organs — the  peculiar  sensory  organs 
which  can  be  followed  to  the  tail  end  on  either  side— arc  supplied  by  a 
branch  of  the  vagus  nerve,  the  nervus  lateralis. 

Holm  asserts  that  he  has  frequently  observed  slight  sclerosis  in  the 
region  of  the  sensory  vagus  nucleus,  and  by  means  of  such  observations  has 
arrived  at  the  above  conclusions.  Grave  and  conspicuous  pathological 
changes  in  the  central  regions  of  this  nerve  (affecting  both  nucleus  and 
roots  in  tabes)  are  very  seldom  met  with.  This  was  to  be  expected,  since 
the  extremely  important  part  played  by  this  nerve  in  functions  essential  to 
the  maintenance  of  life,  such  as  circulation  and  respiration,  adds  an  element 
of  serious  danger  to  diseases  otherwise  comparatively  tiifling. 

11.  Accessory  Nerve  (accessorius  Willisii,  nervus  recurrens, 
nerve  of  the  leg,  spinal  nerve).— It  is  customary  to  describe  two 
different  modes  of  origin  for  the  accessory  nerve,  which  is  a motor  nerve 
pure  and  simple.  The  proximal  or  superior  part  of  the  root-bundle  comes 
out  as  a continuation  of  the  vagus  origin,  between  the  olive  and  the  corpus 
restiforme,  accessorius  vagi  (seu  cerebralis),  XI  (fig.  10).  The  distal  or 
inferior  portion  of  the  nerve,  accessorius  spinalis,  arises  by  a row  oi  root- 
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filaments  from  the  lateral  surface  of  the  medulla  oblongata  and  cord  on  the 
outer  side  of  the  posterior  roots,  from  the  level  of  the  lowest  roots  of  the 
hypoglossus  down  to  the  fifth  or  sixth  (and,  exceptionally,  the  seventh). 
The  accessorius  vagi  has  exactly  the  same  origin  as  the  vagus  itself,  from 
which  (on  the  surface  of  the  brain)  it  cannot  be  separated.  Kolliker 
assigns  to  the  accessory  nerve  the  more  distal  bundles,  which  issue  on  the 
ventral  side  of  the  spinal  trigeminal  root,  and  to  the  vagus  the  upper 
bundles  which  break  through  it;  since  the  union  of  the  last-mentioned 
fibres  with  the  accessory  trunk  is  merely  temporary  and  in  their  extra- 
cranial course  they  join  themselves  definitely  with  the  vagus  ; so  that  it  is 
best  to  speak  of  them  as  the  most  distal  vagal  roots,  and  to  rcstiict  the 
term  accessory  to  the  spinal  roots  which  are  purely  motor. 

In  many  sections  taken  from  the  upper  part  of  the  cervical  cord  a strong 
curved  bundle,  convex  dorsally,  is  seen  to  enter  the  lateral  column  (at  a spot 
the  relation  of  which  to  the  point  of  exit  of  the  posterior  roots  varies),  to 


Fig.  175. — Diagram  showing  the  disposi- 
tion of  the  nervus  accessorius  Willisii 
in  cross-section. — n,  Cells  of  origin  ; r, 
respiratory  bundle  ; Xlr,  issuing  root ; 
rp,  posterior,  m,  anterior  spinal  roots. 
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Fig.  176. — Scheme  showing  the  disposi- 
tion of  the  n.  accessorius  Willisii  in 
longitudinal  section. — nl,  v2,  Cells  of 
origin  ; v.  ascending  segment  of  the 
root  (Krause’s  respiratory  bundle) ; 
Xlr,  issuing  root. 


traverse  the  lateral  column  and  pass  into  the  grey  matter  in  the  region  of 
its  processus  reticularis  (figs.  132  and  173).  At  the  level  of  the  decussation 
of  the  pyramids  it  is  often  difficult  to  distinguish  the  roots  of  the  accessory 
nerve  from  those  fibres  of  the  lateral  column  which  are  making  their  way 
obliquely  towards  the  middle  line. 

These  fibres  bike  rise  from  motor  cells  situate  in  the  dorso-lateral  region 
of  the  anterior  horn  and  either  course  in  the  same  transverse  plane  straight 
to  the  lateral  column  (fig.  176,  n2)  or  reach  it  after  first  running  longi- 
tudinally for  a certain  distance  within  the  grey  substance,  v (figs.  175  and 
176).  The  nerve-cells  just  mentioned  are,  therefore,  considered  to  constitute 
the  proper  accessorius  nucleus,  nl  and  n2. 

The  account  just  given  (after  Roller)  corresponds  best  with  the  facts, 
but  other  very  divergent  views  as  to  the  origin  of  the  accessorius  are  held. 

The  cells  of  the  lateral  horn,  as  well  as  those  of  the  processus  reticularis, 
have  been  claimed  as  the  accessorius  nucleus.  That  fibres  which  come 
from  the  other  side  of  the  medulla  join  the  root-bundles  is  most  probable. 
Roller  allows  the  accessorius  a further  accession  in  fibres  which  arise  in  the 
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lateral  column,  while  DarJeschewitsch  describes  fibres  which  reach  the 
accessorius  from  the  nucleus  of  Burdach’s  column. 

Just  as  little  uniformity  x-eigns  amongst  the  accounts  given  with  regard 
to  the  level  in  the  cord  from  which  the  accessory  fibres  arise.  Many  think 
they  arise  from  the  lateral  horn  throughout  the  whole  length  of  the  cord 
( Krause , Clarice),  which  is  certainly  not  the  case ; others  only  as  far  as  the 
fifth  cervical  ( Huguenin ). 

Dees  agrees  in  the  main  with  Roller,  but  makes  more  exact  statements 
as  to  the  position  of  the  nucleus  accessorius.  This  group  of  cells  lies,  he 
says,  in  the  middle  of  the  anterior  horn  on  the  cerebral  side  of  the  first 
cervical  nerve;  at  the  fourth  cervical  nerve  it  has  moved  back  to  the 
lateral  border  of  the  anterior  horn ; and  from  there  to  the  sixth  cervical  it 
remains  at  the  base  of  the  lateral  horn.  The  vertical  segment,  v,  which 
many  of  the  i-oot-bundles  present,  lies,  according  to  Dees,  in  the  angle 
between  the  anterior  and  posterior  horns ; perhaps,  thei’efore,  it  corresponds 
with  Krause’s  respiratory  bundle.  Staderini  and  Pieracini  think  that  they 
can  prove  the  existence  of  a sensory  portion  of  the  spinal  accessory  nerve. 

12.  Hypoglossal  Nerve. — The  most  important  (and  in  all  probability 
the  only)  origin  of  the  hypoglossal  nerve  is  from  a grey  area  on  the  ventral 
side  of  the  central  canal ; farther  brain  wards  it  lies  in  the  floor  of  the  fourth 
ventricle  alongside  the  sulcus  longitudinalis ; the  spinal  portion  is,  at  the 
decussation  of  the  pyramids,  the  only  portion  of  the  anterior  horn  which 
remains  attached  to  the  central  grey  matter.  It  is  characterised  by  large 
multipolar  nerve-cells  very  like  ordinary  anterior  horn-cells.  The  dendrites 
of  these  cells  have  been  followed  sometimes,  it  is  said,  to  the  contra-lateral 
nucleus  (protoplasmic  hypoglossal  commissure  of  Ram6n  y Cajul).  This 
grey  column,  which  can  be  followed  as  it  lies  up  against  the  raphe  as  far 
brainwards  as  the  striae  medullares,  is  termed  the  lax-go  celled  nucleus  of 
the  hypoglossal  nerve,  NXII  (chief  nucleus,  Stilling’s  classical  hypoglossal 
nucleus,  figs.  134  to  145,  154  and  171).  Globular  spots,  sometimes  as  much 
as  1 m.  in  diameter,  enclosed  in  a closer  network  of  medullated  fibres,  are 
occasionally  met  with  in  the  hypoglossal  nucleus.  They  contain  a great 
many  very  small  nerve-cells  and  but  few  medullated  fibres;  and  are 
therefore  conspicuous  in  Weigert’s  preparations  as  light  spots  in  a dark 
frame.  The  coarse  hypoglossal  fibres  show  many  twistings  and  curvings 
inside  this  nucleus,  on  a close  ground-network  of  fine  fibres.  United  into 
thick  bundles  they  extend  thence  to  its  point  of  exit  on  the  outer  side  of 
the  pyramids.  In  exceptional  cases  a bundle  may  pass  straight  ventral- 
wards,  forcing  its  way  through  the  pyramids,  and  issuing  from  them  on  to 
the  surface,  where  it  usually  lies  in  an  abnormal  shallow  sulcus.  The 
most  distal  fibres  are  directed  brainwards  in  a remarkable  degree,  so  that 
they  do  not  in  our  sections  show  their  whole  length  (fig.  134).  The  lower 
olives  are  traversed  by  many  hypoglossal  fibres  which  come  into  no 
anatomical  connection  with  them ; the  fibres  suffer  thereby,  however,  a 
number  of  distortions  from  their  otherwise  rather  straight  course,  both  in 
sagittal  and  in  frontal  planes.  In  most  animals  the  exit  of  the  hypoglossal 
nerve  lies  on  the  lateral  side  of  the  olives. 
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The  mesial  angle  of  the  large-celled  hypoglossal  nucleus  is  occupied  (in 
the  upper  or  cerebral  half)  by  a rounded  column  of  small  cells  of  unknown 
meaning ; we  have  already  met  with  it  in  the  chief  auditory  nucleus  as  the 
nucleus  medialis  or  nucleus  funiculi  teretis.  On  the  lateral  side  of  the 
hypoglossal  nucleus  we  meet  with  another  group  of  small  cells  (nucleo 
intercalate  of  Staderini),  which  separates  it  from  the  dorsal  vagoglosso- 
pharyngeal nucleus.  It  is  also  confined  to  the  cerebral  half. 

A second  origin  is  from  the  small-celled  hypoglossal  nucleus  of 
Roller.  By  this  is  meant  a not  distinctly  circumscribed  round  clump  of 
small  nerve-cells  which  lies  close  up  against  the  ventral  side  of  the  large- 
celled  nucleus ; in  the  sections  farther  brainwards  it  surrounds  the  root- 
bundles  of  the  hypoglossus.  It  is,  however,  very  uulikely  that  hypoglossal 
fibres  originate  from  this  somewhat  inconstant  group. 

It  has  also  been  asserted  that  the  large  multipolar  cells  which  are  seen 
in  the  substantia  reticularis  in  the  neighbourhood  of  the  hypoglossal  roots 
(belonging  to  the  nucleus  lateralis  medius),  also  give  an  accession  of  fibres 
to  them  (Duval,  Koch).  Laura  regards  the  nucleus  ambiguus  as  an 
accessory  nucleus  of  this  nerve.  Neither  suggestion  appears  to  be  borne 
out  by  the  facts. 

Some  of  the  root-fibres  when  just  to  the  ventral  side  of  the  nucleus  bend 
towards  the  middle  line  joining  the  beautifully  arched  buudle  which 
originates  in  part  from  the  hypoglossal  nucleus  and  in  part  from  the  dorsal 
vago-glossopharyngeal  nucleus,  and  crosses  the  root-bundles  which  issue 
from  the  ventral  side  of  the  former.  If  any  root-fibres  cross  from  the 
nucleus  of  the  opposite  side,  it  is  here  that  we  should  look  for  them. 

Commissui-al  fibres  between  the  two  nuclei  seem  to  be  present,  as  well 
as  fibres  which  take  part  in  the  formation  of  the  posterior  longitudinal 
bundle. 

The  central  tracts  of  the  hypoglossal  nerve  pass  from  its  cortical  centre 
in  the  pars  opercularis  of  the  temporal  lobe,  over  the  upper  border  of  the 
nucleus  lenticularis,  to  the  genu  of  the  capsule.  Interruption  of  this 
bundle  is  said  to  interfere  with  the  motility  of  both  sides  of  the  tongue 
(Edinger).  Farther  down,  the  hypoglossal  tract  probably  lies  between  the 
facial  tract  and  that  which  supplies  the  extremities.  We  may  also  suppose 
that  in  the  lower  region  of  the  pons  the  hypoglossal  fibres  occupy  the  most 
mesial  parts  of  the  pyramidal  tract,  and  then  abandon  their  longitudinal 
course  and  bend  dorsalwards,  cross  in  the  raphe,  and  sink  as  fibres  of  the 
corona  radiata  into  the  ventral  side  of  the  hypoglossal  nucleus  to  surround 
the  large  nerve-cells  contained  in  it.  In  the  rabbit  the  central  hypoglossal 
tract  crosses  at  the  level  of  the  nuclei  of  origin  of  these  nerves. 

Numerous  fine  fibres  (fibrse  radiales  interna;)  converge  to  the 
hypoglossal  nucleus  (Kdlliher).  Starting  from  somewrhere  near  the  olives, 
they  traverse  the  substantia  reticularis  grisea,  and  break  up  in  the 
hypoglossal  nucleus.  Kolliker  was  unable  to  determine  whether  they  took 
rise  in  the  olive  or  the  pyramid.  Other  fibres  which  stream  radially  into 
this  nucleus  must  be  classed  as  sensory  conducting  fibres  or  collaterals 
from  the  region  of  the  vagus,  glossopharyngeal,  and  trigeminal  nerves. 
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Various  connections  with  other  parts  of  the  brain  appear  to  he 
established  by  means  of  the  fibres  of  the  medullary  layer  which,  lying  dorsal 
to  the  hypoglossal  nuclei,  gives  the  white  colour  to  the  floor  of  the  ventricle, 
m (figs.  137  and  154).  Many  of  these  fibres,  bend  laterally  and  unite  into 
a strong  column  which  traverses  the  vagus  nucleus  and  ends  in  an  unknown 
manner.  Koch,  who  looks  upon  this  stratum  as  made  up  chiefly 
of  fibres  connecting  the  different  cells  of  the  hypoglossal  nucleus 
to  one  another,  speaks,  consequently,  of  fibrse  propria)  nuclei  hypoglossi ; 
he  thinks,  however,  that  commissural  fibres  also  go  out  from  them. 
But  these  fibres  probably  belong  to  a system  of  longitudinal  fibres  which 
can  be  followed  in  the  floor  of  the  fourth  ventricle  and  up  to  the  third,  the 
dorsal  longitudinal  bundle  of  Schiitz  (not  to  be  confounded  with  the 
posterior  longitudinal  bundle).  It  is  especially  thick  and  conspicuous  in  the 
vicinity  of  the  hypoglossal  nucleus.  It  may  perhaps  serve  to  establish  a 
connection  between  the  different  levels  of  the  central  cavity.  Small  nerve- 
cells,  belonging  to  the  nucleo  intercalate  of  Staderini,  already  mentioned, 
are  found  in  the  lateral  part  of  this  bundle.  This  group  of  cells  is  supposed 
to  pass  over  into  the  triangular  auditory  nucleus  higher  up. 

Disease  of  the  hypoglossal  nucleus  is  usually  easy  to  recognise,  since 
the  intra-nuclear  network  of  fibres  disappears  as  the  nerve-cells  decay ; 
though  a vestige  of  it  usually  remains  after  they  have  all  come  to  grief. 

The  hypoglossal  nucleus  is  also  affected  in  most  cases  of  amyotrophic 
lateral  sclerosis. 

A process  analogous  with  the  poliomyelitis  of  the  spinal  cord  may  cause 
destruction  of  the  motor  nuclei  of  the  medulla  oblongata  and  the  rest  of 
the  brain-stem  as  far  as  the  third  ventricle.  Ophthalmoplegia  nuclcaris 
has  been  already  mentioned.  A disease  to  which  the  cells  of  origin  of 
the  hypoglossal  nerve  first  fall  victims,  then  those  of  the  facial  nerve,  as 
well  as  the  vagus  and  glossopharyngeal  (chiefly  their  motor  nuclei),  and 
exceptionally,  also,  the  cells  of  the  motor  root  of  the  trigeminal  nerve,  is 
known  as  glosso-labio-pharyngeal  paralysis  (progressive  bulbar  paralysis, 
poliencephalitis  inferior).  The  above-mentioned  nuclei  are  occasionally 
found  more  or  less  diseased  in  tabes. 

Both  hypoglossal  nuclei  are  affected  in  almost  every  case,  on  account  of 
their  nearness  to  each  other.  Unilateral  nuclear  degeneration  is  met  with, 
as  an  exception,  in  cases  of  embolic  softening  (Hid)  and  tabes. 

In  progressive  paralysis  the  fibres  of  Schiitz’s  dorsal  longitudinal  bundle 
are  apt  to  dwindle  to  a very  remarkable  extent. 
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C.  THE  CEREBELLUM. 

i.  Central  Nuclei.— We  have  already  discovered  that  the  cere- 
bellum presents  a peripheral  grey  layer  or  cortex,  as  well  as  certain 
internal  masses  of  grey  matter,  and  various  columns  of  fibres  which  take 
part  in  the  formation  of  its  medullary  substance. 

Reserving  the  description  of  the  finer  histological  details  for  treatment 
later  on,  we  must  now  examine  the  central  grey  masses  of  the  cerebellum. 
Neither  the  corpus  dentation  with  its  appendages  (the  nuclei  emboliformis 
and  globosus)  nor  the  nucleus  of  the  roof,  actually  reach  the  surface  of 
the  ventricle  ; but  they  come  very  close  to  it,  being  separated  therefrom 
by  a thin  white  layer  only. 

(1)  The  corpus  dentatum  is  a purse-shaped,  many-plaited  sheet  of 
grey  matter  surrounding  a mass  of  white  substance,  distinguished  by  the 
numerous  large  veins  which  it  contains  (nucleus  medullaris  corporis 
dentati).  The  opening  into  the  bag  is  directed  forwards  and  medianwards. 
The  thickness  of  the  grey  band  is  from  0'3  to  0'5  mm. 

It  contains  nerve-cells  of  one  kind  only,  not  very  closely  packed  together, 
from  20  to  30  y in  long  diameter,  and  a varying  amount  of  pigment. 
Most  of  the  cells  are  so  arranged  that  a single  process  is  directed  into 
the  medullary  centre,  in  which  it  can  be  followed  for  a considerable 
distance ; while  two  or  three  processes,  which  divide  dichotomously, 
are  directed  towards  the  outer  medullary  substance  of  the  cerebellum. 
Numerous  medullated  fibres  not  united  into  distinct  bundles  traverse  the 
grey  matter  of  the  nucleus  from  without  inwards,  whilst  other  fibres, 
usually  of  considerable  calibre,  run  through  the  grey  matter  itself  in  a 
direction  parallel  with  the  surface  of  the  sheet.  A fairly  close  network 
of  finer  fibres  also  occupies  the  whole  thickness  of  the  grey  matter. 
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The  silver-method  of  impregnation  shows  that  the  cells  here  have 
wide-branching  protoplasmic  processes,  and  single  axis-cylinder  processes, 
difficult  to  follow.  Ram6n  y Cajal  thinks  that  these  last  pass  into  the 
brachium  conjunctivum.  Thick  nerve-fibres  are  also  met  with,  which 
enter  from  the  periphery  and  break  up  into  rich  plexuses.  These  probably 
take  rise  in  the  Purkinje’s  cells  of  the  cortex  cerebelli  {Ramon  y Cajal). 

The  cells  of  the  corpus  dentatum  develop  very  early  in  the  human 
foetus,  being  distinctly  recognisable  between  the  sixth  and  seventh  months 
of  intra-uterine  life. 

(2  and  3)  Nuclei  emboliformis  et  globosus  are  only  separated 
pieces  of  the  corpus  dentatum,  which  they  resemble  in  structure. 

(4)  The  nucleus  of  the  roof,  Nt  (nucleus  tecti,  nucleus  fastigii, 
substantia  ferruginea  superior,  figs.  15,  16,  177),  is  to  be  looked  upon 
as  the  central  nucleus  of  the  vermis.  It  has  a not  well-defined  triangular 
or  oval  form,  and  is  about  6 mm.  in  its  sagittal  diameter.  Only  a thin 
layer  of  medullary  substance  separates  it  from  the  ventricle.  It  reaches 
upwards  for  about  a half  or  two-thirds  of  the  thickness  of  the  vermis. 
It  is  least  well-defined  at  the  back.  In  the  median  plane  it  almost  reaches 
the  nucleus  of  the  roof  of  the  opposite  side.  Large  vesicular  ganglion- 
cells  (40  to  90  y in  diam.),  containing  a great  deal  of  yellow-brown  pigment, 
are  found  in  it,  as  well  as  numerous  nerve-fibres,  many  of  which  (united 
into  coarse  bundles)  extend  transversely  across  to  the  nucleus  of  the 
opposite  side,  Dt  (decussation  of  the  nucleus  of  the  roof).  We  know 
nothing  for  certain  about  the  course  and  ultimate  fate  of  these  fibres. 
Remarkably  thick  axis-cylinders  (5  y in  diam.)  are  met  with  also,  as  well 
as  quantities  of  granules. 

Lastly,  we  must  notice  certain  small  grey  clumps  which,  if  great  care  is 
used,  can  be  found  in  many  cerebella  in  the  midst  of  the  medullary  substance. 
Usually  they  are  very  small,  scarcely  visible,  or  at  any  rate  not  larger 
than  a grain  of  millet ; but,  exceptionally,  they  may  attain  to  a diameter  of 
1 cm.  They  contain,  besides  a network  of  fibres,  regularly-disposed,  club- 
shaped  nerve-cells,  very  similar  to  Purkinje’s  cells  ; also  granules  like  those 
of  the  granular  layer  and  a close  capillary  network  (fig.  187) ; and  must 
therefore  be  looked  upon  as  separated  pieces  of  cortex.  Pfleyer  first 
called  attention  to  the  frequent  occurrence  of  these  small  heterotopic  collec- 
tions of  cortical  substance. 

The  same  central  grey  masses  are  found  in  animals,  but  the  corpus 
dentatum  is  never  so  much  plicated  as  in  Man  ; even  in  monkeys  it  is 
relatively  a broader  and  less  folded  sheet,  while  in  lowTer  mammals  it  is 
merely  a diffuse  grey  mass.  In  birds,  in  correspondence  with  the  consider- 
able reduction  in  the  size  of  the  cerebellar  hemisphere,  only  a single  roof- 
nucleus  is  present ; it  is  covered  with  a thin  sheet  of  medullary  sub- 
stance, and  bulges  out  on  either  side  into  the  dorsal  prolongation  of  the 
fourth  ventricle,  which  is  a characteristic  feature  of  the  cerebellum  in 
birds.  There  are,  however,  lateral  groups  of  morve-cells,  which  may  be 
regarded  as  representing  the  corpus  dentatum.  Even  in  fishes  two 
nuclei  are  discernible  in  the  medullary  substance  on  either  side,  although 
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the  cerebellum  shows  not  the  slightest  indication  of  division  into  hemi- 
spheres ( Ramon  y Gajal). 

2.  The  Medullary  Substance  of  the  Cerebellum.— Three 
mighty  columns  of  fibres,  as  well  as  certain  other  tracts  of  less  dimensions, 
converge  from  either  side  to  form  the  medullary  mass  of  the  cerebellum. 

The  origin  of  the  corpus  restiforme  has  already  been  explained 
(p.  312);  we  have  also  described  the  way  in  which  the  spinal  constituents 
of  the  corpus  restiforme  turn  into  the  vermis  of  the  cerebellum,  the  fibres 
of  the  two  sides  crossing  one  another  apparently  in  the  ‘ anterior  commissure 
and  decussation,’  and  how  the  portion  of  the  restiform  body  derived  from 
the  olive  loses  itself  in  a plexus  of  fibres  which  envelops  the  corpus  dentatum 
in  a kind  of  coat,  the  ‘ fleece  ’ of  Stilling. 

It  may  be  inferred  from  the  results  of  Mondkow's  investigations,  that 
the  portion  of  the  corpus  restiforme  which  ends,  without  crossing,  in  the 
cortex  of  the  vermis,  comes  from  the  lateral  cerebellar  tract.  Vejas  denies 
that  any  part  of  the  restiform  body  crosses  in  the  cerebellum.  Auerbach 
thinks,  nevertheless,  that  the  bulk  of  the  ventral  portion  of  the  cerebellar 
tract  goes  to  the  opposite  side  of  the  vermis  superior,  and  that  only  fibres 
from  its  dorsal  portion  end,  for  the  most  part,  on  the  same  side. 

Many  fibres  of  the  restiform  body  probably  reach  the  cortex  cerebelli. 

Owing  to  the  directly  anterior  course  of  the  corpus  restiforme  the  fibres 
intended  for  the  back  of  the  cerebellum  must  bend  off  at  an  acute  angle 
(‘  neck  of  the  cerebellar  peduncle  ’). 

The  fibres  which  enter  the  cerebellum  by  the  pedunculus  pontis  (or 
pass  into  the  pons  from  the  cerebellum)  are  disposed  in  thin  plates  which 
split  off  from  the  main  mass  as  the  several  branches  and  twigs  of  the  ‘ arbor 
vitte  cerebelli.’  It  seems  as  if  the  whole  of  the  cortex,  both  of  the  hemi- 
spheres and  of  the  vermis,  is  plentifully  supplied  with  pontine  fibres.  A 
crossing  of  these  fibres  in  the  vermis  is  not  proved.  Possibly  the  capsule 
of  the  corpus  dentatum  receives  fibres  from  the  pons.  A more  detailed 
account  of  the  disposition  of  the  fibres  of  the  pons  has  been  already  given 
(p.  303),  and  it  has  been  already  pointed  out  that  they  probably  provide 
for  a crossed  connection  between  the  cerebrum  and  cerebellum. 

The  third  connection  of  the  cerebellum  extends  brainwards,  the 
brachium  conjunctivum  (superior  cerebellar  peduncle,  crus  cerebelli 
ascendens,  processus  cerebelli  ad  corpora  quadrigemina  seu  ad  cerebrum, 
brachium  copulativum). 

Almost  all  the  fibres  from  the  centrum  medullare  corporis  dentati  pass 
out  of  the  hilum  into  the  brachium  conjunctivum,  of  which  they  constitute 
the  most  important  components.  They  are  termed  its  intra-ciliary  con- 
stituents, as  coming  from  the  ‘ corpus  ciliare.’  The  brachium  conjunctivum 
also  contains  extra-ciliary  fibres,  derived  from  the  fleece,  as  well  as  a few, 
perhaps,  from  the  cortex  cerebelli,  especially  the  vermis.  When  its  fibres 
are  first  collected  into  a bundle  the  brachium  lies  on  the  mesial  side  of  the 
corpus  restiforme  (c/.  fig.  142).  Just  below  the  ependyma  at  the  lateral 
angle  of  the  ventricle  lies  a bundle  which  can  be  easily  unravelled ; it 
joins  the  brachium  conjunctivum  and  runs  brainwards  with  it  as  far  as  the 
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locus  cceruleus,  with  which  it  is  always  connected.  Its  presence  is  to  be 
associated  with  the  fact  that  we  can  always  find  within  the  brachium 
conjunctivum  (especially  when  we  make  our  sections  in  the  long  axis  of 
this  column)  a number  of  spindle-shaped  cells  of  as  much  as  90  mm.  in 
diameter  and  containing  dark-brown  pigment.  These  fusiform  cells  are 
laid  with  their  long  axes  in  the  direction  of  the  fibres.  The  bundle  is 
known  as  the  lateral  longitudinal  bundle  of  the  roof  of  the  ventricle.  At 
their  spinal  end  these  fibres  seem  to  turn,  just  in  front  of  the  striae 
acusticte,  on  the  dorsal  side  of  the  corpus  restiforme,  outwards  towards  the 
stalk  of  the  flocculus.  Concerning  the  connections  of  the  brachium 
conjunctivum  with  the  auditory  nerve,  see  p.  372. 

As  the  brachia  conjunctiva  coming  out  of  the  substance  of  the  cerebellum 
converge  toward  the  corpora  quadrigemina  they  are  covered  by  the  inferior 
(lateral)  fillets  which  come  up  from  the  outer  side.  They  further  show  a 
tendency,  as  we  have  seen  (figs.  134  to  138),  to  draw  ventralwards  and 
towards  the  middle  line,  and  between  the  posterior  and  anterior  quadri- 
geminal bodies  they  begin  to  cross.  The  decussation  is  at  its  height  beneath 
the  centre  of  the  anterior  quadrigeminal  bodies  (decussation  of  the  brachia 
conj unctiva,  W ernekinck’s  commissure,  tegmental  decussation).  The  greater 
part  of  the  brachia  certainly  cross  here,  but  it  has  been  already  stated  that 
they  contain  fibres  which  do  not  take  part  in  the  decussation  ( Mendel , 
Bechterew).  It  has  also  been  supposed  that  in  the  posterior  angle  of  the 
decussation  are  situate  fibres  which  are  commissural  between  the  two  cere- 
bellar hemispheres,  connecting  together  (that  is  to  say)  the  two  nuclei  of 
origin  of  the  auditory  nerves. 

After  their  crossing,  the  brachia  conjunctiva  extend,  as  round  columns 
([once  called]  the  white  nuclei  of  the  tegment),  a short  distance  farther 
brainwards ; soon,  however,  they  swell  out  owing  to  the  intercalation 
of  small  pigmented  nerve-cells  into  a mass,  also  round  in  cross-section  (figs. 
148,  149,  150,  154),  which  in  the  fresh  state  is  light  brown  in  colour,  the 
red  nucleus  of  the  tegment  (nucleus  ruber  tegmenti,  olive  superieure  of 
Buys).  We  still  need  a more  detailed  account  of  the  histology  of  the  red 
nucleus.  The  fibres  which  pass  out  of  it  are  collected  into  small  bundles 
while  still  within  its  substance,  giving  to  it  a peculiar  striped  or  punctate 
appearance.  We  may  take  for  granted  that  some  of  the  fibres  of  the 
brachium  conjunctivum  pass  through  the  red  nucleus  without  inter- 
ruption. 

It  is  not  possible  to  give  a really  satisfactory  account  of  the  fate  of  the 
fibres  which  leave  the  red  nucleus.  Most  probably  these  fibres  lose  them- 
selves in  the  ventral  part  of  the  optic  thalamus,  as  described  by  For  el. 
Some  of  them  go,  perhaps,  to  the  cortex  cerebri,  most  probably  to  the 
central  convolutions  ( Fleclisig  and  Hosel),  and  some,  possibly,  to  the 
nucleus  lenticularis. 

The  fact  that  the  brachium  conjunctivum  degenerates  completely  after 
the  destruction  of  one  hemisphere  of  the  cerebellum  ( Fen-ier  and  Turner) 
justifies  us  in  giving  preference  to  the  view  that  the  majority,  at  least,  of 
the  fibres  which  compose  it  originate  in  the  cerebellum  and  conduct  brain- 
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wards,  in  spite  of  some  observations  which  might  lead  to  the  opposite 
conclusion  (ef.  p.  398). 

Other  connections  of  the  cerebellum,  besides  the  three  peduncles,  also 
exist.  Cerebellar  roots  of  several  cranial  nerves  have  been  described 
(direct  sensory  cerebellar  tract  of  Edvnger ),  but  in  no  case  are  they 
certainly  proved.  Possibly  the  sensory  root  of  the  fifth  receives  an  acces- 
sion from  the  medullary  centre  of  the  cerebellum  ( ef . p.  358).  The  fibres 
which  have  been  indicated  as  the  cerebellar  root  of  the  auditory  nerve  are, 
probably,  only  secondary  connections  between  the  cerebellum  and  the  large- 
celled  nucleus  of  the  nerve  (fig.  149).  Some  of  the  fibres,  probably,  reach 
the  roof  nucleus  of  the  opposite  side.  On  either  side  of  the  middle  line  a 
thin  tract  of  fibres,  frenulum  veli  medullaris  anterioris,  passes  out  of  the 


Fig.  177. — Sagittal  section  through  the  cerebellum  some  millimeters  to  one  side  of  the 
middle  line.  Magn.  5. — Vma,  Velum  medullare  anterius;  Lng,  lingula;  Lc, 
central  lobule  ; Rv,  vertical  medullary  ramus  ; lih,  horizontal  ditto ; Pyc,  pyramis 
cerebelli;  Uv,  uvula;  i\’o,  nodulus  ; J3s,  sagittal  basal  tract;  DC,  anterior  great 
commissural  decussation ; dc,  its  posterior  prolongation  ; Nt,  nucleus  of  the  roof ; 
Dt,  decussation  of  the  nucleus  of  the  roof ; clt,  its  posterior  prolongation  ; g,  gar- 
land-like fasciculi. 

region  of  the  corpora  quadrigemina  into  the  cerebellum  in  the  velum 
medullare  anterius,  beneath  the  lingula. 

Several  divisions  of  the  medullary  centre  of  the  cerebellar  hemi- 
spheres may  be  described  : (1)  the  medullary  centre  of  the  corpus  denta- 
tum;  (2)  the  ‘fleece’  or  plexus  of  fibres  which  stands  in  intimate  relation 
with  the  corpus  dentatum,  enclosing  it,  in  fact ; (3)  Stilling  has  described 
certain  different  sets  of  fibres  in  the  remaining  greater  mass  of  the  white 
matter  which  are  very  difficult  to  distinguish  ; (4)  a layer,  0'2  to  0'5  mm. 
in  thickness,  which  lies  in  contact  with  the  inner  layer  of  the  cortex  of  the 
cerebellum,  following  its  contour,  the  ‘garlandlike’  bundle  which  con- 
nects the  different  lobules  together,  g (fig.  177) ; (5)  in  sagittal  sections 
numerous  bundles  of  fibres  are  seen  cut  across  in  front  (brainwards)  of  the 
corpus  dentatum,  they  belong  to  the  great  cerebellar  commissure  ; other 
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bundles  are  cut  across  on  the  dorsal  side  of  the  corpus  dentatum  above  the 
‘ fleece  ’ ; they  constitute  the  dorsal  cerebellar  commissure. 

The  medullary  centre  of  the  vermis  (fig.  177)  is  often  called  the 
corpus  trapezoides,  a name  which  should  be  avoided,  since  it  belongs  to  a 
different  structure.  A sagittal  section  through  this  mass  shows  the 
nucleus  of  the  roof,  Nt.  This  nucleus  lies  on  a layer  of  sagittal  fibres 
(median  sagittal  basal-bundle,  Bs),  which  can  bo  followed  brainwards  into 
the  fibres  of  the  velum  medullare  anterius,  Vma.  On  either  side  it  is 
joined  by  the  lateral  longitudinal  bundles  of  the  roof  of  the  ventricle. 
Single  dark  pigmented  nerve-cells  are  also  found  between  the  fibres  of 
these  bundles. 

The  large  anterior  commissure,  DC,  is  met  with  on  the  cerebral 
side  of  the  nucleus  of  the  roof,  separated  from  it  by  a layer  of  fibres,  some 
0'2  mm.  broad.  It  is  at  least  0-4  mm.  distant  from  the  cortex.  Above 
the  anterior  half  of  the  nucleus  of  the  roof  the  layer,  which  was  at  first 
only  0-2  mm.  in  thickness,  increases  to  1 mm.  ; from  here  it  extends, 
always  diminishing  in  size,  far  into  the  vertical  branch,  Rv,  of  the  arbor 
vitae,  in  which  it  ends  in  a point.  Above  the  nucleus  of  the  roof  an 
indistinctly  curved  continuation  of  the  anterior  commissure,  dc,  consisting 
of  separate  bundles,  cut  transversely,  can  be  followed  close  under  the 
cortex,  as  far  as  the  commencement  of  the  horizontal  branch,  Rh. 
Especially  in  its  most  strongly-developed  part  the  anterior  commissure  is 
split  by  fibres  which  come  out  of  the  anterior  border  of  the  nucleus  of  the 
roof  into  bundles  which  are  fusiform  when  cut  across,  with  the  long  axis  of 
the  spindle  placed  sagittally.  Frontal  sections  (fig.  145)  show  that  not  a 
few  fibres  of  the  anterior  commissure,  which  lie  on  the  dorsal  side  of  the 
nucleus  of  the  roof,  descend  in  the  median  line  between  the  nuclei  of  the 
two  sides,  cross  one  another  here,  and  then,  apparently,  assume  a sagittal 
course. 

The  commissure  of  the  roof  nuclei,  Dt,  consists  of  a second  set 
of  fibres,  independent  of  the  anterior  commissure.  We  have  already 
mentioned  that  numerous  round  bundles  run  from  one  side  to  the  other 
within  the  substance  of  the  nuclei  of  the  roof ; they  are  most  numerous, 
perhaps,  in  their  anterior  portions.  These  rounded  bundles  of  fibres  also 
form  the  dorsal  boundary  of  the  nuclei  of  the  roof  and  are  arranged  in  a 
gently-sloping  line,  so  that  the  last  of  the  bundles  are  found  in  the  begin- 
ning of  the  horizontal  branch.  The  latter  portion  of  the  roof  commissure, 
dt,  is  nothing  more  than  the  middle  portion  of  the  dorsal  cerebellar 
commissure. 

Behind  (distalwards  to)  the  nucleus  of  the  roof  no  transverse  fibres 
united  into  bundles  are  found  in  the  medullary  centre  ; some  such  are 
found,  however,  far  back  in  the  horizontal  branch  where  it  breaks  up  into 
a number  of  smaller  branches  (posterior  cerebellar  commissure).  Longitu- 
dinal fibres  are  found  almost  exclusively  in  the  medullary  branches  of  the 
arbor  vitae,  so  that  they  lie  iu  the  plane  of  sections  cut  at  right  angles  to 
the  convolutions.  Sections  must  be  strictly  sagittal  when  the  vermis  is 
cut,  while  for  the  hemispheres  they  should  diverge  to  the  sides  posteriorly. 


CONNECTIONS  OF  THE  CEREBELLUM. 


397 


These  longitudinal  fibres  lie  in  the  centre  of  each  medullary  branch 
directed  towards  the  general  medullary  centre;  on  the  other  hand,  the 
garland-like  tracts  of  fibres  above  mentioned  lie  up  against  the  coitex.  In 
all  places  where  the  medullary  branches  divide  dichotomously,  or  where 
lateral  branches  come  off  from  them  at  right  angles,  a thickening  of  the 
medullary  substance,  due  to  an  increase  in  its  gleia-tissue,  is  visible.  In 
stained  sections  these  spots  are  coloured  more  deeply  on  account  of  this 
preponderance  of  gleia-tissue. 

The  following  connections  of  the  cerebellum  are  almost  certainly 
established ; others,  not  sufficiently  determined  as  yet,  may  also  exist : 

(1)  With  the  spinal  cord  and  the  after-braiu  by  means  of  the  corpus 
restiforme. 

(«.)  With  the  lateral  cerebellar  tract,  and  so  with  Clarke’s  column  and 
the  posterior  roots  of  the  same  side. 

(b.)  Witli  the  nuclei  of  the  posterior  columns  of  the  same  and  the 
opposite  side,  and,  therefore,  indirectly  with  the  posterior  roots  of  both  sides. 

( c .)  With  the  inferior  olive  of  the  opposite  side. 

(2)  Only  slight  connections  with  the  mid-brain  through  (as  is  supposed) 
the  frenulum  veli  medullaris  anterioris. 

(3)  With  the  ’tween-  and  fore-brains — (a.)  Through  the  pedunculus 
pontis,  and  by  means  of  the  contra-lateral  pes  pedunculi  cerebri  with  the 
cerebral  hemisphere  of  the  opposite  side.  (A  portion  of  this  connection 
has  been  described  as  the  frontal  pontine  tract.) 

(b.)  Through  the  brachium  conjunctivum  with  the  red  nucleus  of  the 
opposite  side,  and  thence  with  the  optic  thalamus. 

(c.)  Indirectly  with  the  nucleus  lenticularis  through  the  opposite 
inferior  olive  and  the  central  tegmental  tract. 

(4)  With  certain  cerebral  nerves ; undoubtedly  with  the  auditory, 
that  is  to  say,  with  one  of  the  nuclei  of  origin  of  the  radix  vestibularis  ; 
probably  also  with  the  trigeminus.  Edinger  designates  this  connection 
the  direct  sensory  cerebellar  tract.  According  to  this  authority,  we  should 
picture  it  as  a fibre  tract  which  takes  rise  somewhere  near  the  nucleus 
globosus  and,  coursing  downwards  on  the  mesial  side  of  the  corpus  resti- 
forme, gives  off  most  of  its  fibres  to  the  trigeminal  and  auditory  nerves, 
and  is  still  further  reduced  by  contributing  some  fibres  to  the  vagus  and 
glossopharyngeal  nerves.  The  last  remnant  of  it  can  be  followed  into 
the  posterior  columns  of  the  spinal  cord.  It  would  be  easier  to  believe 
that  this  tract  (which  would  be  almost  identical  with  the  spinal  auditory 
root)  passes  from  the  sensory  nerve-roots  to  terminate  in  the  cerebellum. 
According  to  Bruce , the  fibres  of  the  pedunculus  flocculi  can  be  followed 
to  the  nuclei  of  the  nervus  vestibularis,  nervus  cochlea;,  and,  perhaps,  to 
the  nervus  abducens. 

It  appears  as  if  a direct  connection  between  the  cerebellum  and  the 
anterior  roots  of  the  spinal  nerves  is  wanting.  One  may  suppose,  however, 
that  the  cerebellum  is  affected  by  stimuli  coming  from  various  sensory 
regions,  and  is  capable,  under  the  action  of  these  stimuli,  of  influencing  the 
release  of  motor  impulses. 
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One  momentous  question  yet  to  be  decided  is  the  localities  in  which  the 
various  cerebellar  tracts  begin  and  end.  ‘This  would  determine  the 
direction  of  their  conductivity. 

It  has  been  pretty  generally  assumed  that  the  interciliary  fibres,  at 
least,  of  the  brachium  conjunctivum  pass  from  cerebellum  to  cerebrum, 
originating,  therefore,  for  the  most  part,  from  axis-cylinder  processes  of 
the  cells  of  the  corpus  dentatum ; but  quite  recently  Mahaim  and  others 
have  maintained  that  the  brachia  conjunctiva  take  origin  from  the  red 
nucleus  and  terminate  in  the  corpus  dentatum  and  cerebellar  hemispheres. 
We,  however,  will  abide  by  the  former  opinion. 

Kolliker  takes  the  view  that  the  brachium  conjunctivum,  crus  pontis, 
and  corpus  restiforme,  must  contain  fibres  of  both  kinds — those,  to  wit,  that 
conduct  to  and  those  that  conduct  from  the  cerebellum — in  equal  numbers. 
The  difficulty  that  then  presents  itself  is  how  to  demonstrate  the  presence 
in  the  corpus  restiforme  of  fibres  on  their  way  from  the  cerebellum  to  the 
medulla  oblongata.  We  should  be  forced  to  assume  the  existence  of  nerve- 
fibres  originating  from  the  cells  of  Purkinje  and  breaking  up  into  their 
terminal  ramifications  in  the  neighbourhood  of  the  inferior  olive  {Held). 

The  functions  of  the  cerebellum  can  be  still  further  explained  from 
the  anatomical  data  given  above.  Of  all  sensory  impressions  it  is  chiefly 
those  of  muscular  sensations  which  are  conducted  to  the  cerebellum 
through  the  nuclei  of  the  posterior  columns  (pp.  238  and  312).  Further, 
this  organ  is  intimately  connected  with  the  large-celled  auditory  nucleus 
from  which  the  greater  part  of  the  vestibular  nerve  arises.  We  are  bound 
to  regard  the  semicircular  canals,  after  the  exact-  experiments  of  Golz, 
Mach,  Breuer,  and  others,  as  the  organs  of  the  sense  of  equilibration  ; the 
sensations  which  they  set  up  arc  transferred  directly  to  the  cerebellum 
for  further  elaboration. 

Impressions  of  muscle-sense  and  of  equilibration  (as  well  as  visceral 
sensations,  which  may  be  conducted  to  the  cerebellum  through  the 
lateral  cerebellar  tracts)  do  not,  so  fully  as  other  sensations,  help  to  make 
up  intellectual  life ; they  continually,  however,  exert  an  influence  on  the 
threshold  of  consciousness  and  so  modify  the  movements  of  the  body 
without  needing  the  intervention  of  the  cortex  of  the  great  brain.  These 
sensations  find  a meeting-place  in  the  cerebellum  from  which  they  direct 
our  movements ; the  necessary  force  for  the  production  of  a co-ordinated 
movement  is  probably  measured  out  to  each  single  muscle  contraction 
from  this  centre.  It  can  hardly  be  supposed  that  influences  on  motility 
which  come  out  from  the  cerebellum  enter  the  cortico-muscular  pyramidal 
tracts  on  their  way  through  the  pons,  despite  the  close  interweaving 
of  the  two  systems  of  fibres,  for  we  are  bound  to  believe  that  the  fibres 
descending  from  the  cortex  to  the  spinal  cord  go  through  the  pons  without 
interruption.  In  all  probability,  the  numerous  collateials  which  they 
give  off  within  the  pons  and  which  enter  the  ganglia  there,  conduct 
rather  from  than  to  the  pyramidal  fibres.  The  physiological  connection 
which  the  cerebellum  brings  about  between  certain  sensory  impressions 
and  motor  impulses  may,  therefore,  take  place  through  the  cortex  cerebri ; 
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or,  as  is  more  probable,  through  other  parts  of  the  great  brain  (fig. 
155,  C'* ) . I may  also  observe  that  Kottiltov  thinks  the  cerebellum  uioic 
intricate  in  structure  and  connections  than  any  other  part  of  the  brain. 

3.  Cortex  Cerebelli. — If  we  take  a section  through  one  of  the  lobes 
of  the  cerebellum,  we  shall  find  that  it  consists  of  a central  prolongation 
of  the  medulla  enveloped  in  grey  cortex.  Under  the  microscope  we  can 
distinguish  three  layers  in  this  cortex,  the  granular  layer,  which  is  inner- 
most, then  the  layer  of  large  cells,  and  finally  the  molecular  layer,  the 
outermost  of  all  (rf.  also  fig.  182).  The  boundary  between  the  cortex 
and  medullary  substance  of  the  cerebellum  is 
nowhere  quite  sharply  marked ; at  the  summit 
of  the  lobides  it  is  quite  obscured ; it  is  more 
distinct  at  the  bottom  of  the  fissures  (fig.  178). 

The  bodies  described  as  * granules  ’ are  found 
scattered  about  everywhere  between  the  bundles 
of  white  fibres,  although  sometimes  they  are 
arranged  in  rows.  They  can  be  easily  dis- 
tinguished in  carmine  preparations,  or,  better 
still,  in  those  made  by  some  method  of  nuclear 
staining.  Towards  the  surface  they  are  more 
closely  packed  together,  and  constitute  the 
granular  layer  (‘rust-coloured’  layer,  since 
it  is  marked  out  macroscopically  by  its  yellow- 
brown  colour).  The  layer  of  granules  is  thinnest 
at  the  bottom  of  the  fissure,  thickest  at  the 
summits  of  the  convolutions. 

The  granules  are  not  disposed  regularly 
throughout  the  layer ; they  always  constitute 
rounded  groups  where  they  are  most  numerous. 

If  we  enquire  into  the  meaning  of  these 
granules,  we  learn  (chiefly  by  the  help  of  the 

method  of  impregnating  with  silver)  to  class  them  among  cell-elements  of 
different  kinds — small  nerve-cells  (granules)  and  gleia-cells. 

The  granules  (which  have  already  been  mentioned,  p.  151)  constitute 
the  main  part  of  the  granular  layer.  They  are  small  (from  6 to  10  /a) 
and  nearly  spherical,  with  a large  nucleus  and  a very  thin  envelope  of 
protoplasm  (figs.  60,  179,  and  182),  and  possess  from  three  to  five  dendrites, 
which  quickly  break  up,  in  a characteristic  manner,  into  peculiar  claw- 
like terminal  ramifications.  The  axis-cylinder  process  starts  from  the 
cell-body  itself  or  from  one  of  the  protoplasmic  processes,  and  goes  straight 
up  into  the  molecular  layer.  There,  as  we  see  in  sections  taken  parallel 
to  the  longitudinal  axis  of  the  convolution  (fig.  179),  it  divides  into  two 
branches,  which  leave  it  almost  at  right  angles  and  so  form,  as  it  were, 
a continuous  fibre.  These  (parallel-fibres)  can  be  followed  parallel  to  the 
surface  for  a long  distance,  though  no  one  has  yet  succeeded  in  ascertaining 
their  ultimate  fate.  They  are  slightly  spiral  in  disposition  and  give  off 
no  collaterals.  The  question  whether  the  axis-cylinder  processes  of  all 


Fig.  178.  — Cross  - section 
through  a convolution  of 
the  cerebellum.  Carmine 
staining.  Magn.  15. 
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the  granules  are  alike  in  behaviour  must  remain  open.  If  we  consider 
the  enormous  number  of  granules  and  the  great  length  of  the  individual 
fibres,  it  is  hardly  comprehensible  that,  closely  as  they  are  packed  in  the 
molecular  layer,  there  should  be  room  for  a fibre  from  every  granule. 

[The  granules  are  not  all  of  the  kind  described  above,  but  there  are,  as 
the  translator  has  discovered,  several  additional  classes  of  granules  which, 
for  want  of  a better  name,  he  terms  ‘ carrot-granules,’  owing  to  their 
pyriform  shape  as  compared  with  the  round  granules  of  Golgi.  Their  size 
is  approximately  the  same  as  that  of  the  round  granules  ( i.e . 10  to  15  p). 
They  are  found  in  all  layers  of  the  cerebellar  cortex.  Their  axis-cylinder 
processes  may  run  centripetally  or  towards  the  periphery,  or  in  the  case 
of  those  which  lie  in  the  molecular  layer,  tangentially.  When  the  granule 
lies  in  the  granular  layer  and  its  axis-cylinder  is  centrifugal,  it  passes 
between  the  cells  of  Purkinje  and  divides,  like  that  of  a round  granule,  in 
the  molecular  layer  ; if  it  is  centripetal,  it  branches.  The  axis-cylinders 


pic.  i79, Cortex  cerebelli  of  a kitten. — Section  parallel  to  the  convolutions.  Silver 

preparation.  — gr,  Granular  layer  ; P,  layer  of  large  cells  ; m,  molecular  layer. 

of  the  tangentially-placed  granules  of  the  molecular  layer  are  marked  by 
frequent  branching.] 

Most  of  the  remaining  nuclei  of  the  granular  layer  belong  to  the  gleia- 
cells,  of  which  I shall  speak  later. 

Here  and  there  among  the  granules  a few  nerve-cells  of  larger  size 
(from  30  to  40  p)  are  seen,  irregular  in  shape  and  usually  pigmented. 
Their  number  varies  in  different  individuals,  but  is  never  large ; and  the 
majority  of  them  belong  to  Golgi’s  second  type  (fig.  59).  The  ramifica- 
tions of  their  dendrites  may  extend  far  up  into  the  molecular  layer  or 
down  into  the  medullary  centre.  The  axis-cylinder  process  extends  an 
extraordinarily  rich  branchwork  of  fibres  in  all  directions,  permeating  the 
whole  granular  layer  with  interwoven  or  tangled  fibrils  ( Kollilcer ) (fig.  182, 
/).  Isolated  large  nerve-cells  with  long  axis-cylinder  processes  are  also 
found  here.  Numerous  medullated  and  nou-medullated  fibres  of  different 
meaning  are  also  found  in  this  layer. 

The  medullated  nerves  (fig.  180)  of  the  central  white  substance  give  up 
their  parallel  or  radial  arrangement  as  soon  as  they  enter  the  closer  layers 
of  the  granules  to  form  a neat  network  throughout  the  whole  breadth  of 
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the  layer.  They  form  a delicate  mesh  of  interwoven  fibres  among  the 
large  cells  of  Purkinje  in  the  next  layer,  and  send  not  a few  medullated 
fibres  into  the  molecular  layer,  where  they  can  be  followed  half-way  to  the 
surface  (or  the  whole  way,  according  to  Ku/liker).  A great  many  of  the 
medullated  fibres  of  the  granular  layer,  however,  originate  from  the  axis- 
cylinder  processes  of  the  cells  of  Purkinje  (fig.  182,  o ).  Moreover,  the 
space  between  the  groups  of  granules  is  filled  up  with  fairly  large  round 
bodies  which  present  a difficult  problem  in  histology.  Their  principal 
constituent  is  certainly  a network  of  fine  closely-felted  fibres.  The  felt- 
work  consists  of  indubitable  gleia-fibrils,  as  well  as  non-medullatcd  fibres 
and  the  dendrites  of  the  granules. 

Some  of  these  nerve-fibres,  the  nerve-processes  of  Golgi’s  cells,  of  the 
large  cells  in  the  granular  layer,  and,  finally,  of  the  granules,  we  have 
already  learnt  to  know.  In  addition  to  these  we  find  here  collaterals  of  the 
axis-cylinder  processes  of  Purkinje’s  cells,  and,  finally,  fibres  which  ascend 


Fig.  180. — Cross-section  through 
a lobule  of  the  cerebellum. 
fVeigert's  staining.  Magn.  1 5. 


Fig.  181. — Climbing  fibre  from  the  cerebellum 
of  a kitten. — gr,  Granular  layer ; P,  layer 
of  large  cells ; m,  molecular  cells. 


from  the  depths  of  the  medullary  centre,  and  break  up,  some  in  the  granular 
layer,  and  some  in  the  upper  layer. 

These  last-mentioned  fibres,  wherever  found,  may  be  looked  upon  as 
cerebello-petal,  and  KolliJcer  classes  them  all  together  in  consequence. 
There  are  other  fibres  which  end  in  the  granular  layer  itself ; these  divide 
repeatedly  and  bear  bunches  of  prickles  projecting  in  all  directions,  affixed 
either  to  the  side  or  end  of  the  fibre  or  to  the  point  where  it  foi’ks  (mossy- 
fibres  of  Ramon  y Cajal,  fig.  182,  h).  [It  happens  in  many  preparations  that 
in  place  of  the  mossy  or  ‘ rosette  ’ fibres,  the  fibres  in  the  granular  layer, 
which  seem  from  their  general  appearance  to  be  the  same  as  those  usually 
presented  as  ‘ mossy,’  give  off,  in  place  of  the  short  arms  just  described,  long 
branches  which  may  even  pass  into  the  molecular  layer.  In  such  prepara- 
tions the  plexus  of  fibres  is  extremely  rich,  and  they  often  appear  to  be  in 
direct  connection  with  the  granules.]  Others  attach  themselves  to  the 
under  side  of  the  Purkinje’s  cells ; and  others,  again,  run  far  into  the 
molecular  layer  (figs.  181,  182,  n).  These  last  are  irregular  and  knotty, 
and  present  a peculiar  typo  of  ramification.  Ramon  y Cajal  named  them 
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‘climbing-fibres,’  supposing  that  they  climb  like  creepers  up  the  proto- 
plasmic processes  of  the  cells  of  Purkinje. 

I must,  however,  lay  stress  upon  the  fact  that  we  know  nothing  at 
present  of  the  behaviour  of  these  non-medullated  fibres  in  the  brains  of 
adults.  The  data  quoted  are  gathered  almost  without  exception  from 
observations  on  the  brains  of  young  animals  and  the  human  embryo. 


Fig.  182. — Diagrammatic  section  of  a convolution  of  the  cerebellum  (after  y 

Cajal). — A,  Molecular  layer ; B,  granular  layer ; C,  medulla;  a,  cells  of  Purkinje; 
b,  basket-cells  with  baskets  ; d,  e,  small  cells  of  the  molecular  layer  ; /,  large  nerve- 
cells  of  the  granular  layer  ; </,  granules  ; h,  moss-fibres  ; i,  cross  section  of  parallel 
fibres  ; j,  gleia-cells  of  the  molecular  layor  ; m,  gleia-cell  belonging  to  the  granular 
layer;  n,  climbing-fibre;  o,  axis-cylinder  process  of  a Purkinje’s  cell  with 
collaterals. 

The  layer  of  the  cortex  cerebelli  which  follows  next  is  distinguished  by 
its  peculiar  large  nerve-cells.  They  form  a sheet  one-cell  thick,  which 
invests  the  granular  layer  (figs.  178,  182,  and  183).  The  second  or  middle 
layer  is,  therefore,  usually  termed  the  layer  of  large  cells. 

” The  cells  just  mentioned  (figs.  183,  184,  185),  named,  after  their 
discoverer,  the  cells  of  Purkinje,  have  a round,  somewhat  flattened,  shape, 
like  a lens  or  a melon-seed. 
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The  transverse  diameter  of  these  cells  attains  to  about  30  g,  their 
longitudinal  diameter  about  40  g)  it  is  not  possible,  however,  to  fix  exactly 
the°  boundary  between  the  cell  and  its  peripheral  process,  so  that  the 
longitudinal  diameter  is  usually  stated  to  be  somewhat  greater  than  we 
have  given  it.  Their  thickness  varies  from  25  to  30  g. 

Purkinje’s  cells  contain  a large  round  nucleus  (16  g)  with  distinct 
nucleoli.  Neither  nucleus  nor  nucleoli  possess  processes  as  described  by 
Denissenko.  An  exceedingly  delicate  cell-membrane,  which  is  described  as 
being  continued  on  to  the  cell-processes,  is  not  yet  proved  for  certain,  but 
its  existence  is  not  improbable. 

The  cell-body  exhibits  a striation  which  surrounds  the  nucleus  as  with 
a sling,  and  extends  towards  the  peripheral  process.  It  may  be  pointed 
out  that  these  cells  have  not,  as  so  many  large  cells  have  (e.g.,  those  of  the 
spinal  cord,  cortex  cerebri,  and  optic  thalamus),  any  pigment  granules,  or  at 
any  rate,  but  very  few  such  granules— a fact  of  physiological  importance. 

From  the  polo  of  the  cell,  which  is  turned  towards  the  granule-layer, 
originates  the  so-called  central  process,  broad  at  its  base,  and  rapidly 
growing  thinner,  which,  on  account  of  its  fineness,  is  soon  lost  amongst 
the  granules  (occasionally  two  such  processes  are  present). 

Only  in  very  fortunate  preparations  or  after  the  use  of  the  silver 
method  or  the  method  of  staining  with  methylene  blue  intra  vitam,  can 
the  process  be  followed  farther  down.  In  teased  preparations  it  tears  off 
very  easily  owing  to  its  delicacy.  Denissenko  asserts  that  it  is  surrounded 
with  a medullary  sheath,  immediately  after  issuing  from  the  cell. 

Golgi , Ramon  y Cajal,  and  others,  have  proved  that  numerous  very  fine 
collaterals  leave  the  central  process  (fig.  180,  o),  and  show  a tendency  to 
turn  backwards  towards  the  surface  of  the  cerebellum,  usually  to  weave 
themselves  around  other  Purkinje’s  cells ; and  that  the  axis-cylinder  pro- 
cess, instead  of  dividing  dichotomously  like  the  other  processes,  keeps  its 
independence,  and  can  be  followed  without  diminution  in  thickness  into 
the  medullary  substance.  It  is,  therefore,  certain  that  Purkinje’s  cells  are 
connected  with  the  fibres  of  the  medullary  centre  by  their  central  processes. 

A thick  peripheral  process,  which  is  directed  towards  the  surface, 
originates  from  the  pole  of  each  of  Purkinje’s  cells.  It  belongs.  however, 
altogether  to  the  layer  which  comes  next  on  the  outer  side,  the  molecular 
layer,  with  which  it  will,  therefore,  be  described. 

The  granules  of  the  granular  layer  extend  to  a certain  extent  into  the 
large-celled  layer,  and  even  into  the  molecular  layer.  The  outermost  of 
these  granules  are  considerably  larger  than  those  which  occur  in  the 
deeper  parts  of  the  granular  layer.  They  are,  almost  without  exception, 
nuclei  of  gleia-cells,  of  which  I shall  treat  later.  A not  inconsiderable 
tract  of  medullated  fibres,  which  appears  to  envelop  the  granular  layer, 
and  extends  both  on  the  inner  and  outer  sides  of  the  cells  of  Purkinje, 
stretches  parallel  to  the  surface  of  the  cortex. 

On  the  whole,  the  large-celled  layer  is  a very  loose  one  [in  hardened 
preparations  it  appears,  owing  to  the  shrinking  of  the  cells  of  Purkinje, 
more  open  than  is  natural] ; so  that  sections  of  the  cerebellum  are  prone 
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to  break  across  through  this  layer,  and  into  it  small  effusions  of  blood  are 
apt  to  be  poured. 

It  should  be  noticed  that  at  the  bottom  of  the  fissures  the  cells  of 
Purkinje  stand  far  apart,  while  they,  are  closely  packed  together  at  the 
apices  of  the  convolutions.  The  breadth  of  the  granular  layer  is  pro- 
portional to  the  number  of  the  large  cells. 

It  is  tempting  to  associate  this  proportional  relation  with  the  develop- 
ment of  the  fissures  and  convolutions,  but  such  an  interdependence  is  not  to 
be  found.  Rather  is  it  the  case  that  the  number  of  Purkinje’s  cells  is 
directly  proportional  to  the  extent  of  free  surface  exposed,  since  each  cell 
has  to  provide  for  an  equal  segment  of  the  cortical  surface.  Since,  on  the 
convexity,  the  superficial  area  is  greater  than  it  is  in  the  concavity,  the 
number  of  Purkinje’s  cells  varies  accordingly.  The  breadth  of  the  granular 
layer  and  the  number  of  granules  depend,  as  already  mentioned,  upon 
the  number  of  large  nerve-cells,  and  certainly  varies  as  these  cells  vary, 
although  as  yet  the  physiological  connection  between  them  is  not  cleared 
up. 

The  most  external  or  molecular  layer  (finely  granular  or  grey  layer) 
covers  the  whole  of  the  surface  of  the  cerebellum  to  a uniform  depth  of 
0'4  mm.  In  it  the  peripheral  (protoplasmic)  processes  of  Purkinje’s  cells 
are  distributed  (fig.  183).  Each  process  from  the  peripheral  pole  of  the 
cells  consists,  as  a rule,  of  a short  thick  trunk  directed  straight  outwards 
towards  the  surface,  which  soon  divides  into  two  similar  chief  branches 
disposed  horizontally.  From  the  chief  branches  fairly  strong  branches 
come  off  again  at  right  angles  and  run  towards  the  surface.  All  the 
thicker  processes  which  originate  from  these  branches  (the  case  is  different 
with  the  finest  terminal  twigs)  run  either  parallel  to  the  surface  or  else 
vertically  to  it.  In  the  two  middle  fourths  of  the  molecular  layer  they  are 
almost  exclusively  parallel  to  the  surface. 

A single  peripheral  process  as  just  pictured  is  only  to  be  seen  distinctly 
on  the  convexity  of  the  convolutions.  The  nearer  we  approach  the  bottom 
of  the  furrows  the  closer  does  the  point  of  division  of  the  single  stem 
approach  to  the  cell,  until  at  last  at  the  bottom  of  the  fissure  two  hori- 
zontal processes  come  off  separately  from  the  cell. 

The  thick  branches  (apart  from  the  fine  twigs  which  they  give  off 
directly)  gradually  dissolve  into  a network  of  excessively  delicate  fibres 
which  extends  as  far  as  the  free  surface,  and  is  best  exhibited  in  its 
marvellous  richness  by  Golgi’s  method  of  precipitation  of  silver  or  corrosive 
sublimate  (fig.  184).  [The  ultimate  twigs  may  be  still  better  shown  by 
the  method  of  staining,  first  with  carmine  alum  and  then  with  Weigert’s 
hsematoxylin.  They  can  hardly  be  said  to  taper,  for  the  greater  part  of 
the  branching  is  accomplished  in  the  deeper  strata  of  the  molecular  la}  cr, 
and  when  once  a terminal  process  is  constituted  it  runs  towards  the  surface, 
where  it  tends  to  fall  back  again  like  spray  from  a fountain,  maintaining 
a uniform  diameter  for  a considerable  distance.  In  the  shark  and  other 
animals  in  which  numerous  horizontal  limbs  come  oft  from  the  cell,  these 
give  rise  at  once  to  radial  branches  which  do  not  subsequently  divide,  but 
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traverse  the  whole  thickness  of  the  molecular  layer  with  a gently  undulat- 
ing course.] 

If  sections  of  the  cerebellum  are  made  vertically  to  the  surface,  but 
in  the  direction  of  the  convolutions,  not,  as  in  the  preceding  case,  at 
right  angles  to  them,  a different  picture  is  seen  (figs.  179  and  185).  The 
lateral  extension  of  the  peripheral  branches  is  absent , their  ramifications 
occupy  a segment  of  the  molecular  layer,  not  much  broader  than  the 
cell  is  thick.  Hence  it  follows  that  the  peripheral  processes  of  Purkinje’s 
cells  are  disposed  in  two  dimensions  only,  like  the  stem  and  branches 
of  an  espalier  fruit  tree,  not  like  the  ramifications  on  all  sides  of  a free- 
standing tree  j a circumstance  not  without  physiological  importance. 

One  of  the  most  important  questions  (which  as  yet  has  hardly  been 


answered)  is  as  to  the  ultimate  fate  of  the  finest  twigs  which  arise  from 
the  branching  of  the  peripheral  processes  of  Purkinje’s  cells.  Not  seldom 
they  have  been  described  as  ending  freely  on  the  surface. 

Quantities  of  small  granular  or  prickly  excrescences  may  sometimes 
be  seen,  especially  in  the  brains  of  embryos,  adhering  to  the  dendrites 
throughout  their  whole  length.  Many  observers  suppose  them  to  be 
an  essential  part  of  the  process.  But  in  perfectly  successful  preparations 
of  the  brains  of  adults  no  such  excrescences  appear,  only  a granule  here 
and  there  is  seen  attached  to  the  process  of  an  isolated  cell.  Without 
necessarily  classing  all  such  appearances  as  precipitates  or  artificial  pro- 
ductions, we  may  conclude,  therefore,  that  the  majority  of  them  do 
not  belong  to  the  process.  [For  the  translator’s  views  as  to  the  nature  of 
these  thorns,  see  p.  444.] 


Fig.  183. — Vertical  section  of  the  Fig.  181. — A Furkinje’s  cell  exposed 
cortex  from  the  lateral  surface  by  a section  vertical  to  the  surface 

of  a cerebellar  convolution.  and  at  right  angles  to  the  long 

Carmine  staining.  Magn.  90.  axis  of  a convolution.  Golgi's 


staining.  Magn.  120. 
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It  is  worthy  of  remark  that  not  only  are  coarse  anastomosing  branches 
between  the  cells  of  Purkinje  wanting,  bnt  that  even  the  very  finest 
processes  of  the  cells  fail  to  unite  with  one  another ; no  proper  nerve 
network,  in  the  strict  sense  of  the  word,  is  present  in  the  molecular 
layer. 

Numerous  medium-sized  and  small  cells  lie  scattered  throughout 


the  molecular  layer.  The  larger  are  found  in  the  inner  half,  and  are 
characterised  by  the  very  peculiar  behaviour  of  their  axis-cylinder 
processes,  which  pass  transversely,  often  growing  thicker  as  they  proceed 
above  the  cells  of  Purkinje,  and  give  off  a succession  of  side-branches 
downwards.  These  break  up  into  brushes  of  extremely  fine  fibres,  which 
fix  on  or  closely  encircle  the  aforesaid  cells,  fonning, 
as  it  were,  fibre-baskets,  in  which  the  large  Purkinje’s 
cells  lie.  Hence  these  cells  in  the  molecular  layer  are 
known  as  ‘ basket-cells.’  The  ‘ baskets  ’ can  often  be 
seen  in  silver  preparations,  and  occasionally  in  carmine- 
stained  sections,  but  only  very  successful  impregnation 
with  silver  exhibits  clearly  the  sequence  of  cell,  axis- 
cylinder  process,  and  basket. 

The  smaller  cells  are  dispersed  throughout  the 
whole  breadth  of  the  molecular  layer,  and  give  off 
dendrites  in  various  directions,  but  most  frequently 
in  the  same  plane  as  the  cells  of  Purkinje  ; so  that  in 
longitudinal  sections  (fig.  179)  they  often  look  as  if 
the  processes  took  rise  from  two  poles  only,  and  pro- 
ceeded towards  the  centre  and  periphery.  In  these 
cells  the  nerve-process  usually  starts  from  the 
beginning  of  a protoplasmic  process,  and  runs,  for  the 
most  part,  parallel  to  the  surface.  Often  only  a short 
piece  of  it  stains  (fig.  186),  but  in  successful  prepara- 
tions it  can  be  followed  for  a long  distance.  It  also 
gives  off  collaterals,  most  of  which  course  downwards, 
but  do  not  extend  as  far  as  from  the  superficial  cells  to 
those  of  Purkinje. 

It  now  only  remains  to  recapitulate  the  fibres  met 
witli  in  the  molecular  layer.  There  are  medullated  fibres,  coming  from  the 
deeper  parts  and  penetrating  to  the  middle  of  it — possibly  to  the  surface ; 
and  there  are  processes  of  the  basket-cells  which  have  just  been  treated 
of  in  detail.  On  the  subject  of  the  non-medullated  parallel  fibres  there  is 
something  to  be  added.  We  have  learnt  that  they  originate  by  the 
division  of  nerve-fibres  which  ascend  from  the  cells  of  the  granular  layer. 
They  are  extremely  abundant,  so  that  in  many  sections  the  molecular 
layer  looks  like  a bundle  of  fine  fibres,  closely  packed.  In  cross-section 
they  are  visible  as  very  numerous  dots,  filling  in  the  spaces  between  the 
dendrites  of  the  cells  of  Purkinje  (fig.  182,  i).  They  are  present  at  all 
levels  of  the  layer,  but  stain  most  readily  in  the  deeper  parts. 


Fig.  185.  — A Pur- 
kinje’s cell  exposed 
by  a section  vertical 
to  the  surface  and 
parallel  with  the 
long  axis  of  a con- 
volution. Golgi’s 
staining. 


GLEIA  OF  THE  CEREBELLUM.  4U/ 

The  arrangement  of  the  gleia-scaffolding  of  the  molecular  layer  deserve 
especial  mention. 

In  the  medullary  centre  and  granular  layer  we  find  a considerable 
number  of  gleia-cells,  rich  in  processes,  none  of  which  can  be  followed  far  ; 
at  least,  in  the  granular  layer.  In  the  upper  parts  of  the  granular  layer, 
among  the  cells  of  Purkinje,  and  up  to  the  beginning  of  the  molecular 
layer  they  are  distinguished  by  a peculiar  character.  The  cell-body  is 
somewhat  irregular,  and  the  processes  go  off  in  a singular  fashion,  which 
recalls  to  mind  the  behaviour  of  the  processes  of  Purkinje’s  cells.  A 
thicker  process  (or  more  than  one)  passes  inwards  into  the  granulai  layci, 
but  can  seldom  be  followed  far.  From  the  outer  side  of  the  cell  a bunch 
of  fine  parallel  fibres  develops,  like  the  dendrites  of  the  cells  of  Purkinje, 
except  that  the  radial  arrangement  is  even  more  pronounced  (fig.  182,  j). 
These  numerous  fibrils  all  reach  the  surface,  where  they  terminate  with 


Fig.  186. — Nerve-cells  from  the  molecular  layer  of  the  cerebellum  of  a kitten. — 
a,  Axis-cylinder  process. 

funnel-shaped  ends.  The  widened  ends  cohere  firmly,  and  form  a very 
delicate  limiting  membrane  (basal  membrane)  beneath  the  pia  mater. 
Bergmann  long  ago  described  this  basal  membrane  and  the  radial  fibres 
proceeding  from  it.  It  is  most  easily  seen  in  a new-born  child  or  in  young 
animals  by  ordinary  staining  methods.  More  trustworthy  information, 
however,  can  be  gathered  from  silver  preparations  (van  Geliucliten). 
Much  may  also  be  learnt  from  the  examination  of  spots  of  softening 
in  the  cerebellum,  in  which  the  more  delicate  tissue-elements  fall  a prey, 
while  the  coarser  gleia-skeleton  remains  intact.  It  is  then  possible  to 
convince  oneself  that  these  radial  fibres  traverse  the  molecular  layer  as 
far  as  the  layer  of  large  cells,  running  parallel  to  one  another  without 
dividing. 

In  nuclear  staining  of  the  granular  layer,  as  I have  mentioned  already, 
the  nuclei  of  the  gleia-cells  are  coloured,  as  well  as  the  nervous  granules. 

The  number  and  relative  position  of  the  gleia-nuclei  can  be  best 
observed  in  sclerotic  processes  in  the  cortex  cerebelli.  At  the  transition 
points  between  diseased  and  normal  tissue  the  cross-section  clearly  shows 
that  a numerical  increase  of  gleia-nuclei  is  out  of  the  question. 

It  also  shows  that  all  the  nervous  constituents  of  the  cortex  have 
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come  to  grief,  while,  on  the  other  hand,  in  nuclear-stained  preparations 
we  find  the  nuclei  of  the  gleia-cells  everywhere  intact  (fig.  187).  Through- 
out the  medullary  centre  and  granular  layer  the  granules  are  scattered  • 
only  on  the  outer  periphery  of  the  latter  do  we  find  them  packed  in 
a close  layer,  which  goes  through  the  convolutions  as  a neat  regular  band 
from  60  to  80  /x  in  breadth.  Most  of  the  radial  fibres  which  pass  to  the 
surface  take  origin  from  the  cells  of  this  band.  In  the  molecular  layer, 
again,  the  gleia-nuelei  are  scattered  at  wide  intervals,  sometimes  more 
closely  set  in  the  middle,  but  diminishing  in  number  again,  until  in 
the  outer  parts  they  become  particularly  scarce.  A cross-section  of 
this  kind  gives  us  the  best  idea  we  can  gain  of  certain  matters  connected 
with  the  gleia-cells. 

In  the  molecular  layer,  the  dendrites  of  Purkinje’s  cells,  the  radial 
gleia-fibres,  the  climbing  fibres,  and,  finally,  the  larger  branches  of  the 
blood-vessels  from  the  pia-mater  which  pierce  it,  all  run  in  the  same 
direction,  straight  from  the  centre  to  the  surface.  It  is  therefore  easy 
to  understand  that  under  the  most  varied  methods  of  treatment  this 


Fig.  187. — Sclerosis  of  the  cerebellum.  Nuclear  staining. 


layer  exhibits  a radial  striation.  It  is  known,  in  consequence,  as  the 
radial  layer. 

In  all  parts  of  the  cerebellum  the  cortex  exhibits  the  structure  just 
described ; no  local  differentiae  are  yet  known ; we  may  well  conclude 
from  this  circumstance  that  over  the  whole  of  the  cerebellum  the  function 
is  the  same. 

A striking  similarity  of  structure  is  exhibited  by  the  cortex  cerebelli 
throughout  the  whole  vertebrate  series.  It  is  not  to  be  denied  that  a 
certain  harmony  between  size  of  the  animal  and  the  diameter  of  the 
cells  of  the  cerebellum  obtains  amongst  mammals.  This  parallelism 
affects  the  cells  of  Purkinje  in  the  first  place,  but  the  granules  also  to 
a certain  extent. 

Apart  from  these  variations  in  size,  the  cortex  cerebelli  presents  in 
mammals  a remarkable  uniformity  in  structure ; but  the  complexity 
of  the  branching  system  of  Purkinje’s  cells  is  nowhere  else  so  great  as 
it  is  in  Man ; this  character  is  most  conspicuous  if  the  human  cerebellum 
is  compared  with  that  of  small  mammals,  especially  rodents. 

The  connective  tissue  is  more  compact  in  the  cerebellum  of  many 
animals  than  it  is  in  Man.  In  the  cat  the  basal  membrane  with  its 
radial  fibres  can  be  easily  seen,  and  the  fibres  can  be  followed  for  a 
long  distance  into  the  molecular  layer. 
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The  structure  of  the  cerebellum  of  birds  closely  coincides  with  that 
seen  in  mammals.  Tenchini  and  Staurenglii  assert  that  the  large-celled 
layer  is  very  strongly  developed  in  the  eagle.  Wider  differences  are  met 
with  when  we  come  to  other  classes.  In  reptiles,  amphibia,  and  fishes  the 
large-celled  layer  is  especially  broad,  owing  chiefly  to  the  numerous 
medullated  fibres  lying  parallel  to  the  surface.  In  consequence,  Purkmje’s 
cells  are  not  arranged  in  a single  sheet,  but  lie  many  cells  thick.  Moio- 
over,  the  cells  just  named  do  not  present  in  the  lower  three  classes  of  verte- 
brates the  round  form  characteristic  of  birds  and  mammals ; they  rather 
tend  to  assume  a more  or  less  fusiform  or  triangular  shape.  Their 
peripheral  processes  ramify  in  a somewhat  different  manner  to  those  of 
birds  and  mammals.  After  branching  a few  times  they  run  directly 
towards  the  surface,  giving  oft  only  a few  lateral  branches  which  cannot 
be  followed  farther.  Near  the  surface  the  connective  tissue  grows  so  soft 
and  loose  that  this  part  of  the  cortex  often  looks  like  a delicate  lace- 
work. 

A further  peculiarity  of  the  cerebellum  of  many  lower  animals  consists 
in  the  reduction  of  the  central  medullary  substance  to  a minimum  ; some- 
times it  is  completely  wanting  in  places,  all  the  medullated  fibres  lying 
in  the  granular  layer.  In  plagiostome  fishes  the  main  body  of  the 
medullated  fibres  lie  beneath  the  cells  of  Purkinje  only  in  the  outer  part 
of  the  granular  layer ; so  that  the  medullary  substance  and  the  granular 
layer  appear  to  have  exchanged  places. 

The  histological  development  of  the  cerebellum  is  fairly  well 
worked  out.  In  Man  it  consists  at  first  of  a quantity  of  round  granules 
in  which,  about  the  middle  period  of  embryonal  life,  a band  free  from 
granules  makes  its  appearance,  lying  parallel  to  the  surface,  between  it  and 
the  granular  layer  [but  leaving  a layer  of  granules  beneath  the  pia  mater. 
This  layer  is  a conspicuous  object  in  sections  of  cerebella  from  new-born 
animals].  This  band  is  the  developing  molecular  layer  which  even  now 
presents  a considerable  likeness  to  the  molecular  layer  in  the  adult. 
At  the  same  time,  or  even  a little  earlier,  the  medullary  centre,  formed 
at  first,  of  course,  of  nou-medullated  fibres  only,  advances  towards  the 
surface.  At  the  end  of  the  sixth  month  the  cells  of  Purkinje  can  be  usually, 
but  not  always,  recognised  along  the  inner  border  of  the  molecular  layer. 
At  birth,  nerve-cells  are  usually  very  visible  in  carmine  preparations 
(fig.  188),  although  their  processes  are  as  yet  but  slightly  branched. 

Although  the  breadth  of  the  molecular  layer  slowly  increases,  that 
of  the  outer  granular  layer  remains,  even  up  to  birth,  about  the  same  • 
only  then  does  it  begin  to  dwindle,  and,  finally,  at  varying  periods  of 
development  disappear. 

At  birth,  and  in  Man  shortly  before  birth,  the  outer  granular  layer 
can  be  divided  into  two  nearly  equally  broad  strata  (fig.  188).  It  is 
probable  that  all  the  superficial  cells  either  are  transformed  into  gleia- 
cells  or  atrophy.  In  the  corresponding  stages  of  development  we  find 
bipolar  fusiform  cells  disposed  in  a horizontal  layer,  parallel  to  the  surface, 
in  the  deeper,  exterior  granular  layer.  In  silver  preparations  we  can 
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see  that  these  fusiform  cells  undergo  a curious  transformation  into  granules 
of  the  granular  layer.  The  two  horizontal  processes  lengthen,  and  so 
form  parallel  fibres,  while  the  cell-body  sinks  through  the  molecular 
layer,  down  to  the  granular  layer,  maintaining  its  connection  with  the 
parallel  fibres  which  went  off  from  it  originally  by  means  of  a thin  nerve- 
thread  which  lengthens  as  the  cell  travels  down.  Finally,  as  it  enters 
the  granular  layer,  the  cell  puts  forth  the  protoplasmic  processes  ( Ramon  y 
Cajal,  Lufjnro,  Sehaper). 

It  is  not  to  be  supposed  that  this  mode  of  development  is  common  to 
all  the  granules  of  the  granular  layer ; some,  no  doubt,  develop  in  situ. 

Very  few  medullated  fibres  are  found  in  the  granular  layer  at  birth 
(A.  Meyer). 

It  has  been  already  mentioned  that  the  nerve-cells  of  the  corpus 
dentatum  cerebelli  are  among  the  earliest  to  be  developed.  At  the  sixth 


Fig.  188. — Cortex  cerebelli  at  birth.  Carmine  staining. — 1,  Peripheral  stratum  of  outer 

granular  layer ; 2,  inner  stratum  of  the  same  ; 3,  molecular  layer ; 4,  layer  of 

Purkinje’s  cells  ; 5,  inner  granular  layer. 

month  they  are  marked  out  by  their  striking  development,  but  hitherto 
we  have  been  able  to  make  no  use  of  this  circumstance  for  the  explanation 
of  their  function. 

[The  cerebellum  certainly  offers  the  most  favourable  opportunity 
for  studying  tbe  structure  of  the  cortex,  and  determining  the  plan  of 
formation  of  this  tissue,  for  although,  at  first  sight,  its  cortex  appears 
unlike  that  of  the  cerebrum,  there  is  no  sufficient  reason  for  thinking 
that  the  two  are  fundamentally  dissimilar.  In  the  cortex  of  all  parts 
of  the  brain  are  found  large  nerve-cells  and  granules  in  varying  proportion. 
The  nerve-cells  provide  for  the  nutrition  of  descending  fibres.  The 
granules  are  in  all  probability  small  nerve-cells  in  connection  with 
non-medullated  processes,  into  which  the  ascending  fibres  break  up  on 
reaching  the  grey  matter.  Such  is  the  translator's  view,  based  upon 
the  study  of  the  cerebellum.  The  medullary  substance  of  this  organ 
contains  more  fibres  than  are  needed  to  supply  one  to  each  cell  of  l uikinje. 
Amongst  the  granules  are  clumps  of  matrix  containing  non-medullated 
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fibres.  Non-medullated  fibres  are  seen  to  break  through  into  the 
molecular  layer  between  Purkinje’s  cells,  while  the  ultimate  processes 
of  these  cells  curve  backwards  towards  the  granular  layer.  There  is  no 
reason  to  suppose  that  the  cells  of  Purkinje  differ  from  the  large  cells  of  the 
cortex  cerebri  in  not  giving  rise  to  efferent  fibres.  On  the  contrary,  patho- 
logical observations  point  to  such  a connection,  since  they  are  not  affected 
by  ascending  degenerations.  Far  as  such  a theory  may  be  from  gi\  ing  a 
complete  explanation  of  cortex  formation,  our  conception  of  this  tissue  is 
simplified  by  looking  upon  it  as  a field  in  which  impressions  received  along 
the  ascending  fibres  and  their  fibrils  with  which  granules  arc  connected,  arc 
collected  after  their  distribution  through  the  cortex  by  the  processes  of  the 
large  cells  for  transmission  from  the  cerebellum  to  the  cortex  cerebri,  from 
the  cortex  cerebri  to  the  grey  matter  which  surrounds  the  central  canal.] 

4.  Blood-Vessels  of  the  Cerebellum. — In  Man  the  cerebellum  is 
chiefly  supplied  with  blood  from  the  vertebral  artery. 

Three  arteries  reach  it  on  either  side. 

(1)  Arteria  cerebelli  inferior  posterior,  which  comes  off'  as  a rule  from 
the  uppermost  portion  of  the  vertebral  artery,  but  sometimes  from  the 
commencement  of  the  basilar  artery ; (2)  arteria  cerebelli  inferior  anterior 
from  the  basilar ; and  (3)  arteria  cerebelli  superior  from  the  front  of  the 
basilar  shortly  before  it  splits  into  the  two  posterior  cerebral  arteries.  The 
superior  cerebellar  artery  is  very  constant ; whereas  the  other  two  are  often 
wanting,  though  usually  on  one  side  only.  The  anterior  inferior  cerebellar 
artery  has  the  smallest  calibre  of  the  three.  All  three  leave  the  main 
artery  at  right  angles.  Within  the  pia  mater  the  vessels  divide  repeatedly, 
and  only  small  delicate  branches  enter  the  substance  of  the  cerebellum. 
From  the  anterior  inferior  cerebellar  artery  a larger  branch  comes  off, 
however,  and  is  directed  towards  the  corpus  dentatum,  through  the  hilum 
of  which  it  enters  the  medullary  substance,  arteria  corporis  dentati.  The 
larger  veins  in  the  interior  of  the  medullary  substance  of  the  corpus 
dentatum  have  been  already  mentioned. 

The  capillary  network  of  the  cerebellar  cortex  shows  certain  peculiarities 
corresponding  with  the  stratification  of  the  nerve-elements. 

The  arteries  and  veins  enter  the  molecular  layer  vertically,  and  continue 
in  this  direction  as  far  as  the  cells  of  Purkinje.  There  the  capillary  vessels 
form  an  abundant  close  network  with  oval  meshes,  the  long  axes  of  the 
ovals  being  arranged  radially  as  it  appears.  The  upper  layer  of  the 
cortex  contains  no  capillary  network  (Oegr/).  In  the  granular  layer  we  find 
a capillary  network  of  rather  narrow  mesh.  On  passing  on  into  the 
medullary  substance,  the  meshes  of  the  network  become  wider,  and  are 
elongated  in  the  direction  of  the  fibres.  Larger  vessels,  both  arteries  and 
veins,  attract  attention  in  the  zone  of  the  cells  of  Purkinje  ; they  run  almost 
parallel  to  the  surface,  and  are  devoted  to  the  nourishment  of  the  large 
cells.  At  birth  the  cerebellum  contains  comparatively  few,  but  wide, 
vessels  ; already,  however,  the  peculiarities  characteristic  of  their  distribution 
are  recognisable. 

5.  Pathological  Changes  in  the  Cerebellum.— On  the  whole  the 
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anatomical  changes  in  this  organ  due  to  disease  are  similar  to  those  which 
occur  in  the  rest  of  the  brain.  In  this  place  we  shall  only  point  out  such 
as  are  characteristic.  But  it  is  worthy  of  note  that  in  the  cerebellum 
many  pathological  processes  do  not  merely  assume  a distinctive  local 
character,  but  present  specific  peculiarities  which  force  us  to  infer,  for  it 
histological  conditions  differing  in  very  essential  points  from  those  which 
obtain  in  other  parts  of  the  brain.  It  is  a conspicuous  example  of  the  way 
in  which  pathological  changes  in  the  tissue  often  give  hints  for  our  guidance 
in  the  study  of  certain  normal  conditions. 

Small  clumps  of  grey  matter  resembling  cortex  (fig.  189),  the  little 
heterotopia  mentioned  on  p.  392,  are  among  the  commonest  structural 


Fig.  189.— Section  through  a small  heterotopia  in  the  medullary  substance  of  the 
cerebellum.  Mci/jn.  40.— a,  Medullary  substance  ; b,  the  grey  patch. 

defects  of  the  cerebellum.  A similar  state  of  arrested  development  in  larger 
masses,  producing  a fallacious  appearance  of  atrophy  of  the  cerebellum,  is 
rare  (P.  Ernest). 

Atrophy  of  the  cerebellum  lias  been  often  described;  a distinction 
must  be  made,  however,  between  a strikingly  diminutive,  but  otherwise 
normal,  cerebellum  and  a cerebellum  in  which  the  falling-off  in  size  is 
associated  with  sclerosis  of  its  tissue. 

Congenital  atrophy  belongs  to  the  first  class  only ; the  latter  class  of 
atrophies  are,  of  course,  acquired. 

In  these  cases,  which  involve  very  marked  changes  in  the  tissue  of  the 
cerebellum,  the  cortex  and  medullary  centre  may  be  affected  equally,  or 
the  process  may  spread  inwards  from  the  cortex ; or,  finally,  the  medullary 
substance  may  be  first  sclerosed,  and  the  changes  in  the  cortex  may  be 
secondary  and  inconsiderable.  This  last  state  of  things  is  the  rarest. 
(M.  Arndt.) 

Where  one  hemisphere  of  the  cerebellum  is  atrophic  the  brachium 
conjunctivum  and  the  contra-lateral  red  nucleus  arc  usually  diminished  in 
size,  as  is  also  the  opposite  cerebral  hemisphere.  Atrophy  of  the  opposite 
olive  is  almost  always  associated  therewith.  On  the  other  hand,  in  the 
case  of  a defect  of  long  standing  in  the  cortex  of  the  gyri  centrales  (the 
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posterior  gyrus,  more  especially),  Flechsig  and  Ildsel  found  the  nucleus 
dentatus  shrunken  and  atrophied,  and  the  brachium  conjunctivum  reduced 
by  one  third,  on  the  right  side ; while  the  red  nucleus  on  the  left  side  was 
considerably  smaller.  It  is  not,  however,  safe  to  generalise  from  these 
observations. 

A.  Meyer  is  said  to  have  proved  that  a considerable  reduction  of  the 
medullary  fibres  in  the  cortex  cerebelli  takes  place  in  certain  forms  of 
mental  disease,  such  as  senile  and  paralytic  dementia.  Jellinek  found  a 
similar  state  of  things  in  tabes. 

Senile  atrophy  brings  about  no  conspicuous  changes  in  the  cerebellum. 
Even  the  amyloid  bodies  which  collect  in  immense  numbers  in  various  parts 
of  the  central  nervous  system  in  old  age,  are  less  numerous  here.  They 
are  found  chiefly  on  the  surface,  but  a few  are  scattered  throughout  the 
whole  breadth  of  the  molecular  layer.  They  can  even  be  followed  at  still 
wider  intervals  down  among  the  medullated  fibres. 

Sclerosis  of  the  cerebellum  usually  attacks  the  posterior  lobe,  and 
leads  to  the  complete  destruction  of  all  nervous  organs.  We  can  then 
observe  the  peculiar  behaviour  of  the  granules  described  on  p.  407.  A 
growth  of  close  tissue  unites  in  places  the  near  surfaces  of  neighbouring 
convolutions,  leaving  cyst-like  gaps  between.  Scattered  amyloid  bodies 
arc  dispersed  in  the  sclerosed  convolutions.  The  medullary  centre  is 
transformed  into  a mass  of  perforated  tissue,  from  which  the  medullated 
fibres  have  completely  disappeared. 

Embolism  of  a cerebellar  artery  is  very  rare.  Owing  to  the  three 
arteries  of  the  cerebellum  coming  off  at  right  angles  from  a much  more 
considerable  trunk,  it  will  be  easily  understood  that  the  embolus,  as  a rule, 
floats  away  in  the  basilar  artery,  and  is  not  stopped  until  it  reaches  the 
posterior  cerebral  artery. 

Large  apoplexies  of  the  cerebellar  substance  are  much  more  rare,  too, 
than  in  other  parts  of  the  brain.  This  is  due  to  the  fact  that  in  the 
cerebellum  hardly  any  besides  the  very  smallest  arteries  occur ; the  only 
artery  of  somewhat  larger  size,  arteria  corporis  dentati,  is  consequently  the 
commonest  source  of  extended  bleeding  into  the  cerebellum. 

Capillary'  haemorrhages  are  sometimes  met  with,  especially  in  the 
cortex  of  the  cerebellum.  In  these  cases  one  can  usually  see  that  the 
little  effusion  of  blood  has  spread  out  horizontally  in  the  layer  of  Purkinje’s 
cells  Yvhere  it  found  the  least  resistance. 

Calcification  of  the  vessels  is  not  uncommon,  especially  in  the  capillary 
network.  A striking  feature  of  these  chalky  deposits  is  that  they  are 
always  most  distinct  in  the  granular  layer  and  hardly  ever  extend  to  the 
molecular  layer  (<f.  p.  178).  The  larger  calcifications  sometimes  met  with 
in  the  cerebellum  probably  start,  in  many  cases,  from  the  vessels. 

Amongst  tumours  found  in  the  cerebellum  the  first  place  is  occupied  by 
tubercle.  It  occurs  much  more  often  in  the  cerebellum  proportionally  to 
its  size,  than  in  any  other  part  of  the  brain.  Often  several  masses  of 
tubercle  are  present  at  the  same  time ; usually  they  originate  in  the  pia 
mater  and  are  sharply  marked  off  from  the  surrounding  brain-substance. 
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They  may  be  so  large  that  a whole  hemisphere,  or  even  more,  of  the 
cerebellum  is  changed  into  a tuberculous  mass.  Glioma  and  carcinoma 
also  belong  to  the  more  frequently  occurring  tumours.  Passing  over  certain 
other  new  formations  (such  as  fibromas,  sarcomas,  etc.)  we  will  notice  some 
which  are  interesting  on  account  of  their  rarity,  e.g.  dermoid  cysts  ( Clairat , 
Irvine,  Heimpel),  osteomata  ( Ebstein ) and  echinococci  which  have  penetrated 
from  the  fourth  ventricle. 

Inflammatory  processes  often  affect  the  cerebellum  and  its  meninges. 
Purulent  meningitis  may  be  of  traumatic  origin,  but  it  is  usually  secondary 
to  disease  of  other  spots  on  the  surface  of  the  brain  or  on  surrounding  bones 
(e.g.,  temporal  bone). 

Inflammation  of  the  substance  of  the  cerebellum  produces  necrosis  in 
some  cases,  but  more  commonly  local  softening  of  the  tissue — cysts  and 
abscesses — which  are  relatively  very  common  in  this  organ.  Sometimes  a 


Fig.  190.— Vertical  section  of  the  cortex  cerebelli  from  a case  of  encephalitis  in  which 
the  connective-tissue  elements  of  the  cortex  were  not  destroyed.  The  radial  fibres 
of  the  molecular  layer  are  distinct ; so,  too,  are  the  holes  out  of  which  Purkinjc-cells 
have  fallen.  Some  medullated  fibres  remain  in  the  connective-tipsue  framework 
between  the  granular  layer  and  the  medullary  substance.  Weigert's  stain. 
Magn.  60. 

whole  hemisphere  is  turned  into  a cyst  or  an  abscess-sac.  Diverticula  of 
the  fourth  ventricle  may  develop  into  cysts  within  the  substance  of  the 
cerebellum;  sometimes  they  still  communicate  with  the  cavity  of  the 
ventricle. 

In  consequence  of  circumscribed  chronic  encephalitis  the  nervous 
constituents  of  the  cerebellar  cortex  and  underlying  white  matter  may  come 
to  grief  almost  completely,  only  the  connective-tissue  framework  remaining 
intact ; the  preparation  looking  as  if  it  had  been  successfully  macerated. 
Such  specimens  show  us  the  arrangement  of  the  gleia  in  the  cerebellum 
more  plainly  than  any  others  (fig.  190).  Isolated  intact  nerve-fibres  are, 
however,  to  be  found  in  the  nuclear  layer  and  in  the  central  medullary 
substance  after  all  the  nerve-cells  have  disappeared  (Hess),  the  spaces  in 
which  the  cells  of  Purkinje  used  to  lie  being  still  recognisable. 

Secondary  degeneration  may  be  followed  far  into  the  medullary  substance 
after  destruction  of  portions  of  the  cerebellar  cortex  (Borgherini) ; especially 
when  the  lesion  of  the  cortex  is  quite  a small  one.  A number  of  well- 
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preserved  fibres  may  also  be  found  coming  out  of  the  diseased  piece  of 
cortex  amongst  the  fibres  of  this  degenerated  bundle,  I rom  this  it  follows 
that  of  the  fibres  connected  with  the  cerebellum  some  must  have  their  trophic 
centres  within  this  organ,  and  a smaller  number  (centripetal  fibres)  must 
have  their  trophic  centres  elsewhere. 

Some  stress  must  be  laid  upon  the  circumstance  that  the  cells  of 
Purkinje  in  the  cerebellum  are,  on  the  whole,  less  liable  to  degeneration 
than  (for  example)  those  of  the  cortex  cerebri.  Fatty  and  pigmentary 
degeneration  very  rarely  occurs  in  them ; varicose  hypertrophy  of  the  central 
process  was  observed  by  Hadtich.  Roth  has  described  calcification  of  the 
cells  of  Purkinje  and  their  peripheral  processes. 

There  is  very  little  to  be  said  about  pathological  changes  in  the 
pedunculi  cerebelli  and  the  pons. 

In  atrophy  of  one  of  the  hemispheres  of  the  cerebellum,  degeneration  of 
the  corresponding  brachinm  pontis  and  the  same  side  of  the  pons  is 
especially  noticeable.  Changes  in  the  brachia  conjunctiva  are  also  found 
after  extirpation  of  one  of  the  hemispheres,  and  the  existence  of  uncrossed 
fibres  can  then  be  demonstrated  ( Marchi ).  Atrophy  of  the  nuclei  of  the 
pons  is  found  associated  with  secondary  degeneration  of  certain  parts,  e.g. 
the  lateral  bundle  of  the  crus  cerebri. 

Small  aneurysms  are  common  in  the  arteries  of  the  pons,  and  hence 
apoplexies  of  this  region  are  not  rare.  Patches  of  softening  and  tumours 
(especially  tubercle)  have  been  repeatedly  seen.  Aneurysm  of  the  basilar 
artery  must  have  a lasting  effect  owing  to  its  pressure  on  the  pons. 

The  pons  is  a favourite  spot  for  sclerotic  lesions  in  disseminated 
sclerosis. 

The  pathology  of  the  brachia  pontis  is  the  same  as  that  of  the  pons. 
Independent  isolated  disease  of  the  other  peduncles  of  the  cerebellum  is 
rare. 
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D.  THE  CEREBRUM. 

In  treating  of  the  great  brain  we  will  first  describe  the  central  grey 
masses  which  it  contains,  their  intimate  structure  and  connections  with 
other  parts  of  the  brain  ; then  we  will  attempt  to  unravel  as  far  as  possible 
the  separate  tracts  which  occupy  its  medullary  substance,  and  only  when 
this  has  been  done  shall  we  devote  a more  detailed  consideration  to  the 
minute  structure  of  the  cortex  cerebri. 


I.  THE  GANGLIA  OF  THE  GREAT  BRAIN. 

(1.)  Thalamus  opticus. — On  both  free  surfaces  of  the  thalamus, 
mesial  as  well  as  dorsal,  a superficial  stratum  covering  the  grey  matter  is 
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to  be  recognised  apart  from  the  ependyma  of  the  ventricle.  On  the  mesial 
surface  this  layer  is  formed  of  grey  matter,  the  central  grey  substance  of 
the  ventricle.  On  the  dorsal  surface  it  consists  of  tracts  of  white  fibres, 
stratum  zonale. 

The  central  grey  matter  lining  the  thalamus  is  a continuation  of  the 


Fig.  191.— Diagrammatic  frontal  section  through  the  great  brain. — FP,  Frontal  parietal 
° lobe  ; T,  temporal  lobe  ; I,  island  of  Reil ; II,  tractus  opticus ; IIP,  fibres  from 
the  tegment ; He,  nucleus  caudatus ; Th,  thalamus  opticus;  (xH,  ganglion 
habenula; ; eH</,  central  grey  matter  ; Ce,  capsula  externa  ; Ntg,  nucleus  tegmenti ; 
Ck,  corpus  subthalamicum  ; i,  in,  c,  the  three  segments  of  the  nucleus  lenticularis  ; 
Ci,  capsula  interna ; Cl,  claustrum  ; ca,  anterior  commissure  ; Ap,  ansa  peduncu- 
laris  ; A l,  ansa  lenticularis  ; Stz,  stratum  zonale  ; 1 to  20,  tracts  of  fibres  referred 
to  in  the  text. 

grey  matter  which  surrounds  the  aqueduct  and  terminates  in  front  in  the 
lining  of  the  infundibulum.  Basewards  it  forms  the  floor  of  the  third 
ventricle,  or  grey  commissure  of  the  floor,  in  which  the  chiasma  nervorum 
opticorum  is  embedded  (fig.  15). 

The  central  gray  lining  is  not  everywhere  distinguishable  from  the 
true  thalamic  substance.  It  consists  of  a gleial  ground  substance  similar 
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to  that  found  in  the  masses  of  grey  substance,  and  containing  uerve-cells 
and  fibres,  the  further  connections  of  which  are  not  known. 

We  have  learnt  to  distinguish  a number  of  subdivisions  in  the  optic 
thalamus,  the  anterior  nucleus,  mesial  nucleus,  centre  median,  and 
pulvinar.  To  these  Monakow  adds  the  posterior  nucleus,  on  the  ventral 
side  of  the  pulvinar,  wedged  in  between  the  corpus  geniculatum  ex- 
ternum and  internum.  He  also  regards  the  ventral  nucleus  (bowl-shaped 
or  crescentic  nucleus,  nucleus  arcuatus)  as  distinct  from  the  rest  of  the 
thalamus. 

The  mesial  (vertical)  surfaces  of  the  thalamus  grow  together  at  one 
circumscribed  point,  forming  the  middle  commissure. 

The  middle  commissure  (commissura  mollis)  (figs.  15  and  152)  is  a 
part  of  the  central  grey  lining,  and  contains  a considerable  number  of 
nerve-fibres,  not  united  into  bundles,  some  of  which  run  laterally  into  the 
thalamus,  others  bend  over  so  as  to  course  in  various  directions  within  the 
central  grey  lining  parallel  to  the  wall  of  the  ventricle.  A few  of  the 
fibres  are  continued  into  the  inferior  (inner)  peduncle  of  the  thalamus 
( Fritsrh , Hollander).  Villier  denies  that  any  nerve-fibres  cross  the  middle 
line  in  the  middle  commissure.  Only  a few  isolated  nerve-cells  are  found 
in  it,  a sprinkling  from  the  thalamus;  together  with  a fair  number  of 
gleia-cells. 

In  mammals  the  greater  part  of  the  two  mesial  surfaces  of  the  thalami 
is  united,  and  the  middle  commissure  is  consequently  much  larger  than  in 
Man ; but  the  number  of  medullated  fibres  which  pass  that  way  from  one 
hemisphere  to  the  other  is  nevertheless  very  small.  No  particular 
physiological  importance  can  be  attached  to  the  middle  commissure. 

The  stria  medullaris  thalami  (habenula)  is  a bundle  of 
medullated  fibres  which  in  Man  runs  along  the  junction  of  the  vertical  and 
horizontal  surfaces  of  the  thalamus.  It  originates  from  the  ganglion 
habenula  on  either  side  (or,  as  Kulliker  thinks,  ends  in  the  contra-lateral 
ganglion).  In  front  it  splits  up  into  several  branches,  one  of  which 
extends  to  the  pillar  of  the  fornix,  curves  up  against,  and  so  passes 
backwards  towards  the  cornu  Ammonis  ; another  reaches  the  base  of  the 
brain  and  ends  above  the  lamina  perforata  anterior  in  a group  of  cells 
known  as  the  nucleus  of  the  basal  longitudinal  bundle  ( Lotheisen ). 

The  ganglion  habenulas  (figs.  12,  15,  19;  and  191,  GII)  is  a 
group  of  small  nerve-cells,  not  well-defined  in  Man  and  the  Primates.  In 
most  mammals,  on  the  other  hand,  it  attains  a very  considerable  size  and 
becomes  quite  massive  in  low  vertebrates— amphibious  animals  and 
reptiles.  Fibres  from  the  pedunculus  conarii  enter  this  ganglion.  Other 
sets  of  fibres  from  the  nerve-bundle  just  mentioned  probably  merely 
traverse  or  pass  over  the  ganglion. 

A large  column  of  fibres,  usually  visible  to  the  naked  eye,  which  leaves 
the  ganglion  habenulae  and  passes  towards  the  base  of  the  brain  with  a 
slight  convexity  outwards,  deserves  especial  notice.  It  runs  between  the 
central  grey  lining  and  the  substance  of  the  thalamus  itself,  and  appears  to 
end,  as  seeu  in  frontal  sections,  on  the  mesial  side  of  the  red  nucleus 
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(fig.  191,  1 ; fasciculus  retroflexus,  Meynert’s  bundle).  The  greater  part 
of  this  bundle  extends,  after  crossing  ( Edinger ),  to  a group  of  nerve-cells 
(ganglion  interpeduncularo)  which  lies  in  the  hinder  part  of  the  substantia 
perforata  posterior,  and  is  very  distinct  in  certain  animals — rodents  and 
bats,  for  example.  The  cells  corresponding  to  this  ganglion  do  not  form  a 
well-defined  ganglion,  but  are  disposed  in  a diffuse  manner  just  in  front  of 
the  commencement  of  the  pons,  in  the  middle  line  of  the  most  basal  part 
of  the  tegmental  region.  Hut  a not  inconsiderable  part  of  this  bundle  can 
be  followed  farther  spinewards  into  the  tegmental  region.  Mendel 
observed  atrophy  of  the  ganglion  habenulae  in  the  rabbit  as  a consequence 
of  iridectomy,  and  concludes  that  the  pupillar  fibres  of  the  optic  nerve 
end  there.  Others,  among  whom  Edinger  is  foremost,  connect  it  with  the 
olfactory  apparatus. 

The  fibres  of  the  fasciculus  retroflexus  degenerate  after  destruction  of  the 
ganglion  habenulae,  from  which  we  must  infer  that  they  take  rise  from  it 
and  terminate  in  the  ganglion  intcrpedunculare.  The  axis-cylinders  which 
take  origin  from  the  cells  of  the  latter  seem  to  turn  spinewards  in  the 
tegmental  region. 

A part  of  the  pedunculus  conarii  crosses  over  Meynert’s  .bundle  and 
joins  it  on  its  outer  side.  The  two  then  extend  basewards  together,  2. 
In  carmine  preparations  fibres  of  two  kinds  can  be  clearly  distinguished  in 
the  fasciculus  retroflexus ; the  coarser  conspicuously  white,  the  finer  of  a 
curious  red  colour.  The  former  probably  course  spinewards,  across  the 
ganglion  interpedunculare. 

DarJcschewitsch  has  proved  that  the  peduncles  of  the  pineal  gland 
contain,  in  addition,  fibres  which  form  a crossed  connection  between  the 
tractus  opticus  and  the  oculomotor  nucleus  (cf.  p.  346). 

The  stratum  zonale  forms  a white  coat  not  quite  one  millimeter  thick 
on  the  upper  surface  of  the  thalamus ; it  is  composed  of  medullated  fibres 
running  for  the  most  part  in  a sagittal  direction.  The  following  sets  of 
fibres  take  part  in  its  formation. 

(1)  Fibres  from  the  lateral  root  of  the  optic  tract,  which,  passing 
superficially  to  the  corpus  geniculatum  laterale,  spread  out  over  the 
thalamus. 

(2)  Fibres  which  extend  out  of  the  occipital  lobes,  and,  perhaps,  the 
temporal  lobes  also,  in  the  sagittal  medullary  strata,  coursing  forwards  (or 
backwards)  to  rcacli  the  surface  of  the  pulvinar. 

(3)  Fibres  out  of  the  peduncle  of  the  thalamus,  to  be  described  later  on. 

Most  fibres  of  the  stratum  zonale  penetrate  into  the  substance  of  the 

thalamus. 

The  lateral  boundary  of  the  grey  mass  of  the  thalamus  is  not  every- 
where sharply  defined.  Quantities  of  fibres  stream  into  the  thalamus  on 
this  side,  so  that  grey  and  white  matter  are  mixed  up  (stratum 
reticulatum).  In  animals  the  lateral  surface  of  the  stratum  reticulatum 
is  noticeable  for  its  richness  in  medullated  fibres  (lamina  medullaris 
externa). 

So  far  as  the  bundles  of  fibres  which  stream  into  the  thalamus 
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originate  in  the  cortex  cerebri,  they  take  part  in  forming  the  corona 
radiata  of  the  thalamus,  of  which  the  following  are  the  principal 
constituents : — 

(1)  Fibres  from  the  frontal  lobes,  which  pass  to  the  thalamus  in  a 
sagittal  direction  between  the  nucleus  caudatus  and  nucleus  lcnticularis 
in  the  anterior  portion  of  the  internal  capsule,  anterior  peduncle  of  the 
thalamus  (fig.  191,  4). 

A bundle,  very  inconsiderable  in  size  in  Man,  conies  from  the  cortex  of 
the  lobus  olfactorius  (c/.  p.  332).  It  separates  from  the  tract  of  fibres 
destined  for  the  anterior  commissure,  and  extending  farther  backwards 
enters  the  front  part  of  the  optic  thalamus. 

(2)  Fibres  from  the  parietal  lobe  which,  piercing  the  posterior  part  of 
the  internal  capsule  in  thin  bundles,  sink  into  the  lateral  surface  of  the 
thalamus. 

(3)  Great  bundles  of  fibres  for  the  occipital  lobe,  and  to  a certain 
extent  the  temporal  lobe  also,  which  pass  backwards  in  a sagittal 
medullary  stratum  to  the  thalamus  (optic  radiations  of  Gratiolet, 
posterior  peduncle  of  the  thalamus).  A few  of  these  fibres  may  come  from 
the  stratum  zonale. 

(4)  Fibres  which  pass,  partly  through  the  anterior  limb  of  the  capsule 
and  partly  beneath  the  inner  capsule,  from  the  nucleus  caudatus  and 
putamen  (which  represent  parts  homologous  with  the  cortex)  to  the  ’ tween- 
brain,  more  especially  to  the  thalamus  (Edinger’s  basal  fore-brain  bundle, 
radiatio  strio-thalamica) ; these  fibres  myelinate  early  (in  the  eighth 
month). 

(5)  By  the  inferior  peduncle  (stalk)  of  the  thalamus,  fibres  arc 
conducted  from  the  temporal  lobe  itself,  beneath  the  nucleus  lenticularis, 
to  the  base  of  the  thalamus  (fig.  152,  ust).  A part  of  these  fibres 
reaches  the  surface  of  the  thalamus  and  helps  to  form  the  stratum  zonale ; 
by  Wernicke  it  is  termed  the  inner  peduncle  of  the  thalamus.  Another 
part  streams  directly  into  the  substance  of  the  thalamus.  The  term 
‘ inferior  ’ pednucle,  and  still  more  the  term  ‘ internal  ’ peduncle,  is  used 
very  loosely  by  many  authors.  Brissaud  terms  the  part  which  comes  from 
the  temporal  lobe  ‘bandelette  sous-optique.’ 

If  the  tractus  opticus  is  dissected  away  from  the  base  of  the  brain 
the  crus  cerebri  is  exposed  as  it  disappears  in  the  substance  of  the 
hemisphere.  The  structures  on  the  base  of  the  brain  which  invest 
the  crus  as  it  enters  the  hemisphere — sling  themselves  around  it,  as 
one  might  say — are  termed  collectively  the  ansa  peduncularis,  Ap 
(substantia  innominata,  fig.  191).  The  inferior  stalk  of  the  thalamus 
is  an  important  constituent  of  the  ansa  peduncularis.  Another  constituent 
is  the  ansa  lenticularis. 

We  shall  see  later  on  that  all  the  bundles  which  enter  into  the 
formation  of  the  ansa  peduncularis  have  in  their  disposition  certain 
points  in  common.  They  all  agree  in  passing  medianwards  out  of 
the  region  which  lies  on  the  ventral  side  of  the  nucleus  lenticularis, 
and,  therefore,  as  we  learn  from  frontal  sections  (figs.  152,  191)  in 
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arching  round  the  ventral  part  of  the  internal  capsule,  as  the  direct 
continuation  of  the  now  covered-up  pes  pedunculi  cerebri  is  called. 
They  closely  invest  this  structure  before  they  separate  to  pass  in 
various  directions  beneath  the  thalamus. 

It  has  been  already  mentioned  that  fibres  out  of  the  lateral  root 
of  the  optic  tract,  passing  under  the  corpus  geniculatum  laterale, 
stream  in  a brush  into  the  pulvinar.  Connections  of  the  thalamus 
with  the  anterior  quadrigeminal  and  lateral  geniculate  bodies  exist 
for  certain ; its  connections  with  the  nuclei  lenticularis  et  caudatus 
have  already  been  discussed.  A part  of  the  posterior  commissure  is 
also  connected  with  the  thalamus.  We  also  know  that  the  bundle  of 
Vicq  d’Azyr  courses  from  the  corpus  mammillare  to  the  anterior  nucleus 
of  the  thalamus.  The  greater  part  of  the  lateral  fillet  ends  in  the 
thalamus  (cf.  p.  307) ; a point  of  the  highest  importance.  Lastly,  the 
thalamus  is  united  with  the  tegment  and  the  spinal  cord  in  manifold 
ways  not  yet  clearly  understood.  The  fibres  of  the  laminae  medullares 
seem  especially  to  establish  these  connections,  of  which  the  most 
important  and  best  known  are  with  the  red  nucleus;  6,  7 (fig.  191 
cf.  p.  292)  and  the  fillet.  By  many  ( Meynert , Wernicke,  etc.)  the 
posterior  commissure  is  looked  upon  as  the  commencement  of  the 
crossed  tegmental  connection  of  the  thalamus. 

The  thalamus  is  thus  in  connection  with  almost  all  parts  of  the 
cortex  cerebri ; with  frontal,  parietal,  and  occipital  lobes  through  the 
internal  capsule ; with  the  temporal  lobe  through  the  ansa  peduncu- 
laris;  with  the  nervus  opticus,  corpus  mammillare,  and  with  the  spinal 
cord  and  the  tegmental  region  of  the  medulla  oblongata  through  the 
mesial  fillet  and  posterior  commissure ; lastly,  with  the  cerebellum  by 
the  red  nucleus  and  brachium  conjunctivum.  Many  other  connections 
besides  those  enumerated  above  certainly  exist. 

We  must  picture  to  ourselves  the  optic  tracts,  as  well  as  all  other 
groups  of  fibres  wrhich  conuect  the  thalamus  with  parts  of  the  biain 
other  than  the  cortex  or  its  homologues.  as  finding  their  terminus,  for 
the  most  part,  in  the  thalamus;  and  must  look  upon  most  of  those 
which  take  rise  in  it  as  what  we  may  call  thalamo-cortical  tracts. 
( Kulliker , on  the  contrary,  is  of  opinion  that  most  of  the  fibres  of  the 
corona  radiata  of  the  thalamus  end  in  it.)  And  it  is  certainly  demon- 
strable that  to  each  separate  division  of  the  thalamus  a corresponding 
area  of  limited  extent  is  assigned  in  the  convolutions  ( MonaJcow ). 

With  regard  to  the  minute  structure  of  the  thalamus,  it  may 
be  said  that  the  nucleus  externus  is  very  rich  in  white  fibres,  hence 
its  light  colour.  The  nerve-cells  of  the  thalamus  are  for  the  most  part 
fairly  large  and  strongly  pigmented.  Smaller  cells,  usually  spindle- 
shaped,  occur,  chiefly  in  the  external  nucleus,  and  particularly  large 
cells  are  met  with  in  some  parts,  especially  in  the  ventral  divisions. 
Kolliker  distinguishes  two  kinds  of  cells  in  the  thalamus:  1,  radiate  cells, 
which  are  elongated  in  general  outline  and  have  long  dendrites ; and  -, 


CORPUS  STRIATUM. 


423 


bushy  cells,  roundish  in  shape,  with  short  dendrites  which  bieak  up 
into  exceedingly  rich  brush-like  ramifications. 

The  physiological  meaning  of  the  thalamus  can  be  only  imperfectly 
gathered  from  its  anatomical  relations.  That  its  functions  lie  chiefly 
in  the  region  of  sensibility  may  be  inferred  from  the  fact  that  it  is  the 
most  important  terminal  station  of  the  lateral  fillet.  Probably  the 
functions  with  which  we  have  to  do  here  are  diverse  and  somewhat 
complicated ; though  they  may  all  be  construed  as  ‘ reflex  ’ in  the 
widest  sense  of  the  word.  We  are  apparently  justified,  therefore,  in 
assuming  that  in  one  aspect  the  thalamus  should  be  regarded  as  a 
reflex  centre  for  movements  expressive  of  emotion  brought  about  by  the 
agency  of  the  facial  nerve  and  the  other  motor  nerves  of  the  brain  and 
cord. 

(2.)  Nuclei  Lenticularis  et  Caudatus. — The  nucleus  caudatus 
and  the  external  segment  of  the  nucleus  lenticularis  (putamen),  which  arc 
united  to  one  another  in  a number  of  ways,  may  be  considered  as 
modified  portions  of  the  cortex  cerebri. 

A thickening  is  formed  in  the  floor  of  the  anterior  cerebral  vesicle 
which  constitutes  the  rudiment  of  the  above-named  grey  masses ; even 
in  the  completely  developed  brain  the  putamen  is  continuous  with  the 
grey  covering  of  the  substantia  perforata,  which  is  undoubtedly  homo- 
logous with  the  rest  of  the  cortex. 

Apart  from  these  genetical  connections  with  the  cortex,  Wernicke 
has  proved  conclusively  that  fibres  which  are  the  homologues  of  the 
corona  radiata  come  off  from  the  nucleus  caudatus  and  putamen,  and 
enter,  for  the  most  part,  the  two  inner  segments  of  the  nucleus  lenticu- 
laris (globus  pallidus),  making  use  of  it  as  an  intermediate  station 
(8,  9,  10,  11,  fig.  191). 

The  fibres  coming  out  of  the  putamen  collect  on  its  mesial  border 
into  distinct  coarse  bundles  which,  traversing  the  lamina  medullaris 
nuclei  lenticularis  lateralis,  reach  the  globus  pallidus.  Corresponding 
bundles  from  the  nucleus  caudatus,  crossing  the  anterior  division  of 
the  internal  capsule,  extend  both  to  the  lateral  lamella  and  also  to 
the  second  segment  of  the  nucleus  lenticularis,  where  they  agree  with 
the  fibres  from  the  putamen  in  assuming  a mesial  direction  (11) ; it 
is  these  fibres  which  give  a radial  striation  to  the  globus  pallidus 
when  seen  in  frontal  section. 

The  two  laminae  mcdullares,  to  which  a third  plate  of  white  fibres 
is  sometimes  added  owing  to  the  splitting  of  the  inner  segment  of  the 
nucleus  lenticularis  into  two,  consist,  as  far  as  we  can  judge,  of  fibres 
which  come,  for  the  most  part,  out  of  the  nucleus  caudatus  and  puta- 
men, but  course  basewards,  not  taking  part  in  producing  the  radial 
striation  of  the  globus  pallidus. 

According  to  Edinger,  other  bundles  of  fibres  which  come  from  the 
cortex  of  the  parietal  lobe,  and  receive  their  medullary  sheaths  at  an 
earlier  period  than  the  rest  of  the  fibres  of  the  great  brain,  also  take 
part  in  the  formation  of  the  lamina;  mcdullares  (12,  13).  These  fibres 
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are  called  tegmental  by  Edinger,  but  he  reckons  amongst  them  still 
other  fibres  (14)  which  do  not  enter  the  nucleus  lenticularis,  but 
pass  spinewards  beneath  the  thalamus  and  above  the  red  nucleus  to 
join  the  fillet. 

Lastly,  fibres  are  found  which  come  out  of  the  grey  substance  of  the 
middle  segment  of  the  nifcleus  lenticularis  and  bend  round  into  the 
internal  lamina  medullaris  ; for  the  sake  of  simplicity  they  are  omitted 
from  fig.  191. 

All  the  fibres  which  run  basewards  in  the  medullary  lamina:  turn 
medianwards  beneath  the  globus  pallidus,  from  which  they  receive 
additions  (15),  and  there  unite  with  a part  of  the  basal  fore-brain  bundle 
(p.  421).  In  this  way  they  form  the  ansa  lenticularis,  Al  (better,  ansa 
nuclei  lenticularis),  another  constituent  of  the  ansa  peduncularis. 

The  internal  capsule  lies  mesio-dorsally  to  the  nucleus  lenticularis, 
separating  it  from  the  nucleus  caudatus  and  the  thalamus,  or  rather 
from  the  regio  subthalamica  (stratum  intermedium). 

The  ansa  nuclei  lenticularis  as  it  traverses  the  most  mesial  and  basal 
parts  of  the  internal  capsule  comes  into  this  regio  subthalamica ; farther 
back  it  lies  beneath  the  red  nucleus  on  the  base  of  the  brain,  near 
the  middle  line;  beyond  this  it  cannot  be  followed  with  any  certainty. 
Since  the  posterior  longitudinal  bundle  increases  quickly  in  the  neigh- 
bourhood of  the  ansa  lenticularis,  Wernicke  is  of  opinion  that  it  is 
connected  with  it  by  means  of  fibres  ascending  in  the  raphe.  The 
fibres  of  the  posterior  longitudinal  bundle  exceed  those  of  the  ansa 
peduncularis  in  calibre,  and  hence  such  a connection  is  only  possible 
on  the  supposition  that  nerve-cells  are  intercalated  between  the  two 
sets  of  fibres.  Berlderew  and  Flechsig  are  of  opinion  that  there  is  no 
connection  between  the  ansa  peduncularis  and  posterior  longitudinal 
bundle.  By  these  authors  the  ansa  peduncularis  is  considered  as 
prolonged  down  through  the  central  tegmental  tract  as  far  as  the 
inferior  olive  (cf.  p.  315).  It  was  on  this  ground  that  we  described 
the  nucleus  lenticularis  as  connected  with  the  inferior  olive  of  the 
same  side,  and,  by  this  means,  with  the  cerebellar  hemisphere  of  the 
opposite  side. 

When  it  is  considered  that  the  posterior  longitudinal  bundle  is 
medullated  much  earlier  than  the  ansa  lenticularis,  it  will  be  understood 
that  a direct  connection  between  the  two  is  impossible. 

Edinger  supposes  that  a considerable  portion  of  the  ansa  peduncularis 
enters  the  corpus  subthalamicum. 

Still  other  fibres  enter  the  regio  subthalamica  from  the  nucleus 
lenticularis,  all,  it  is  unnecessary  to  add,  traversing  the  internal 
capsule. 

We  have  already  seen  the  corpus  subthalamicum,  Cs  (nucleus  of 
Luys),  on  the  dorsal  side  of  the  internal  capsule  in  this  region,  and,  more 
in  the  mid-brain,  above  the  pes  pedunculi  cerebri,  the  substantia  nigra 
Soemmeringi.  Fibres  from  the  internal  segment  of  the  nucleus  lenti- 
cularis enter  both  ganglionic  masses  (16,  17,  18).  They  are  fibres  which 
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can  be  seen  in  frontal  sections  coming  from  the  dorso-mesial  surface  of  the 
nucleus  lenticularis  and  traversing  the  internal  capsule.  By  a mistake 
easy  to  understand  they  have  been  looked  upon  as  a root  of  the  optic 
nerve  from  the  nucleus  of  Luys.  They  give  the  inner  capsule  the 
characteristic  cloven  appearance  noticeable  in  front  sections.  Monaltow 
supposes  that  these  fibres  take  rise  from  the  cells  of  the  corpus  subtha- 
Iamicum  and  end  in  the  nuclei  lenticularis  and  caudatus.  The  uppermost 
(most  dorsal,  19,  20)  of  these  fibres  do  not  enter  the  corpus  subthalamicum 
itself,  but  collect,  after  passing  the  internal  capsule,  into  a compact  bundle 
which  constitutes  the  dorsal  portion  of  the  capsule  of  the  corpus  subtha- 
lamicum and  enters  the  red  nucleus  according  to  Wernicke  (tegmental 
bundle  from  the  nucleus  lenticularis).  This  connection  with  the  red 
nucleus  is  represented  in  fig.  191  ; but  must,  nevertheless,  be  considered 
very  doubtful. 

The  ansa  nuclei  lenticularis  and  the  inferior  peduncle  of  the  optic 
thalamus  together  make  up  the  ansa  peduncularis  (cf.  p.  421).  According 
to  Meynert  a system  of  fibres  is  supposed  to  push  its  way  between  these 
two  systems  (posterior  medullary  lamina  of  the  tegment). 

The  external  capsule,  if  it  sends  any  fibres  into  the  nucleus  lenti- 
cularis, sends  to  it  but  inconsiderable  tracts ; hence  in  hardened 
preparations  it  is  very  easy  to  peel  off  the  external  capsule  from  the 
nucleus  lenticularis:  often  this  occurs  as  the  result  of  luemorrhage  in 
this  region. 

All  the  tracts  which  turn  spinewards  after  leaving  the  nucleus 
lenticularis  reach  the  tegment.  Although  not  proved,  it  must  be 
regarded  as  most  probable  that  the  nucleus  lenticularis  is  connected  with 
the  crusta.  Fibres  coming  out  of  the  laminae  medullares,  as  well  as  fibres 
from  the  nucleus  itself,  which  enter  the  internal  capsule,  where  they  mingle 
with  peduncular  fibres,  may  perhaps  be  looked  upon  as  establishing  this 
connection. 

With  the  exception  of  the  fibres  already  described  as  passing  through 
the  nucleus  lenticularis  very  little  is  yet  settled  as  to  the  connections 
of  the  nucleus  caudatus.  We  have  some  right  to  believe,  however, 
tluit  fibres  pass  from  the  nucleus  caudatus  directly  to  the  crusta  vid 
the  internal  capsule,  and  by  this  route  reach  the  region  of  the  pons 
(forming  part  of  the  frontal  pontine  tract,  p.  301). 

The  basal  fore-brain  bundle,  which  contributes  a part  of  its  fibres  (as 
we  know)  to  the  formation  of  the  ansa  lenticularis,  can  be  recognised 
throughout  the  whole  series  of  vertebrates;  more  easily,  indeed,  in  sub- 
mammals than  in  mammals  or  in  Man.  None  of  the  fibres  of  the  stem- 
ganglion  can  be  shown  to  extend  farther  caudalwards  than  the  substantia 
nigra  ( Edinger ). 

Very  extensive  connections  of  the  nuclei  lenticularis  ct  caudatus 
with  the  cortex  cerebri  are  described  by  Meynert.  He  thinks  that  fibres 
from  the  frontal  and  parietal  lobes  reach  the  nucleus  caudatus  by  way  of 
the  internal  capsule.  Such  connections  with  the  cortex  have,  however 
been  most  emphatically  set  aside  by  Wernicke  and  other  recent  writers 
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on  the  subject,  at  any  rate  as  far  as  concerns  the  outer  segment  of  the 
nucleus  lenticularis  and  the  nucleus  caudatus.  The  fibres  seen  by  Meynert 
are  regarded  as  at  the  utmost  only  fibres  which  are  passing  through  the 
nucleus  lenticularis,  not  ending  in  it.  Only  in  animals  can  it  be  proved 
that  the  bundles  of  fibres  in  question  by  no  means  all  pass  through  the 
nucleus  lenticularis  ( Koivalewski ).  Bianchi  and  Algeri  observed  degenera- 
tion in  bundles  which  stream  into  the  nuclei  lenticularis  and  caudatus,  after 
extensive  destruction  of  the  motor  regions  of  the  cortex  in  dogs ; Ramon  y 
Cajal  was  able  to  see  fibres  which  take  rise  from  the  pyramidal  cells  of 
the  frontal  lobe  and  traverse  the  nucleus  caudatus,  giving  off  collaterals  to 
the  nerve-cells  contained  in  it  as  they  pass  through ; and  MarinescO 
succeeded  by  Marchi’s  method  in  demonstrating  the  presence  of  degenerated 
fibres  in  the  stem-ganglia,  especially  the  nucleus  caudatus,  after  extirpation 
of  the  cerebellum.  (The  latter  results  were  obtained  from  experiments  on 
apes.)  The  existence  of  a tract  between  the  cerebrum  and  nucleus  caudatus 
must,  therefore,  be  regarded  as  proved.  Further,  it  is  admissible  to 
believe  that  the  great  grey  masses  of  the  putamen  and  nucleus  caudatus 
are  connected  with  other  parts  of  the  cortex  cerebri  by  means  of 
‘association  fibres,’  just  in  the  same  way  as  the  several  portions  of  the 
general  cortex  are  united  with  one  another. 

Sachs  sees  this  connection  between  the  nucleus  lenticularis  and  the 
cortex  of  the  brain  (frontal  and  parietal  lobes  and  island  of  Reil)  chiefly 
in  a bundle  which  lies  along  the  whole  lateral  border  of  the  nucleus 
(fasciculus  nuclei  caudati,  fasciculus  subcallosus  of  Muratoff,  association 
bundle  of  the  nucleus  caudatus).  In  frontal  sections  through  the 
hemisphere  it  is  seen  in  the  lateral  angle  of  the  lateral  ventricle,  just  under 
the  corpus  callosum.  It  runs  from  before  backwards,  constantly  giving 
off  fibres  which  enter  the  substance  of  the  nucleus. 

More  detailed  investigations  into  the  minute  structure  of  the 
ganglionic  masses  just  described,  to  which  in  this  connection  may 
be  added  the  nucleus  subthalamicus  and  substantia  nigra,  are  still 
desirable. 

(a.)  Nucleus  Caudatus. — In  that  part  of  its  head  which  lies  upon 
the  internal  capsule,  fibres  that  have  streamed  in  from  behind  and  below 
can  be  followed  far  towards  its  upper  surface.  Most  of  its  nerve-cells  are 
small,  round,  or  fusiform.  Marchi  thinks  that  they  belong  to  the  type 
of  sensory  nerve-cells  (!). 

(b.)  Nucleus  Lenticularis.— Not  only  is  the  outer  segment  of  this 
nucleus  like  the  nucleus  caudatus  in  colour,  but  it  also  agrees  with  it 
in  minute  structure.  The  bundles  of  nerve-fibres  which  collect  towards 
the  lamina  medullaris  externa  have  already  found  mention.  The  lighter 
colour  of  the  globus  pallidus  depends  upon  a difference  in  quality  in 
the  ground-substance,  although  it  would  be  difficult  to  define  this 
difference  histologically.  It  chiefly  depends,  however,  upon  the  yellow 
pigment  which  its  moderate-sized  nerve-cells  contain,  as  well  as  upon  the 
number  of  medullated  fibres  which  traverse  the  two  inner  segments  of  the 
nucleus  lenticularis. 
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(c.)  Corpus  subthalamicum,  mentioned  first  by  Lugs  and  de- 
scribed in  greater  detail  by  Forel.  Its  greatest  thickness  amounts  to 
3 to  4 mm.,  its  breadth  to  10  to  13  mm.,  its  sagittal  diameter  to 
7 to  8 mm.  Its  shape  is  that  of  a lens,  lying  on  the  pes  pedunculi 
cerebri  (fig.  151). 

This  body  is  characterised  histologically  by  a close  network  of  the 
very  finest  medullated  fibres,  amongst  which  coarse  fibres  are  almost 
wholly  wanting.  Multipolar  nerve-cells  of  moderate  size  containing 
light  brown  pigment  are  scattered  about  its  substance.  Only  a few 
regions  in  the  central  nervous  system  are  distinguished  by  so  close 
a capillary  network  as  the  corpus  subthalamicum  ; it  possesses  this  latter 
character  in  most  animals — the  dog,  amongst  others. 

(d.)  Substantia  Nigra  Soemmeringi. — This  substance  contains 
spindle-shaped  nerve-cells  of  moderate  size,  enclosing  in  Man  little  lumps 
of  dark  brown  pigment.  From  one-third  to  one-half  of  the  cell  is  usually 
filled  up  with  this  pigment,  which  does  not  appear  until  the  completion  of 
the  third  year.  Between  the  fifth  and  sixtli  years  the  majority  of  the  cells 
are  pigmented,  and  the  pigmentation  appears  to  reach  its  maximum  by 
the  sixteenth  or  eighteenth  year  ( Piles).  The  cells  of  the  locus  coeruleus 
(p.  280)  are  distinguished  from  those  of  the  substantia  nigra  by  their 
round  vesicular  form  and  greater  diameter.  Pigment  is  never  present  in 
the  cells  of  the  substantia  Soemmeringi  in  animals. 

Many  of  the  pigmented  cells  of  the  substantia  nigra  are  distinctly 
pyramidal  in  shape.  According  to  Mingazzini,  the  apical  processes  of  these 
cells  are  directed  upwards,  the  basal  axis-cylinder  processes  downwards  to 
the  ernsta,  where  they  unite  with  the  fibres  of  the  peduncle ; whence  he 
infers  that  we  may  expect  to  find  here  conditions  analogous  with  those  in 
the  cortex  cerebri.  The  suggested  arrangement  of  the  nerve-cells  is,  how- 
ever, hardly  discoverable. 

Of  the  functional  meaning  of  the  parts  just  discussed  very  little  is 
known.  A connection  certainly  exists  between  the  nuclei  caudatus  and 
lenticularis,  but  so  far  we  are  unable  to  determine  its  nature.  A detail 
that  deserves  attention  is  the  very  gradual  fall  of  the  high  temperature 
which  follows  on  injuries  to  the  nucleus  caudatus. 

2.  THE  MEDULLARY  CENTRES  OF  THE 
GREAT  BRAIN. 

The  greatest  extent  of  this  mass  of  medullary  substance,  so  considerable 
in  size  in  Man,  is  seen  in  a section  carried  through  the  centrum  semiovale 
Vieussenii  on  a level  with  the  corpus  callosum.  It  is  made  up  of  three 
systems  of  fibres  : — 

(1)  Fibres  which  extend  from  the  cortex  cerebri  to  the  ganglionic 
masses  of  the  ’tween-brain,  or  deeper  down  to  the  mid-brain,  hind-brain, 
after-brain,  and  spinal  cord  : the  corona  radiata  Reilii. 

(2)  Fibres  which  connect  identical  areas  in  the  two  hemispheres : 
commissural  fibres. 
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(3)  Fibres,  some  shorter,  some  longer,  which  bring  different  spots  in 
the  cortex  of  the  same  hemisphere  into  functional  association ; collectively 
we  shall  term  them  ‘association  fibres’  [fibne  proprise]. 

So  few  medullated  fibres  are  found  in  the  human  cerebrum  at  birth 
that  it  looks  grey  and  gelatinous.  Edinger’s  tegmental  radiation  alone 
appears  in  the  eighth  or  ninth  month  of  embryonic  life.  Between  the 
second  and  third  week  after  birth  the  pyramidal  tract  begins  to  myelinate. 
In  sagittal  sections  it  is  easy  to  see  how  this  tract  extends  from  the 
internal  capsule  towards  the  two  central  convolutions,  beneath  which  it 
forks,  ansa  ltolandica  (Parrot).  After  the  first  month  the  occipital  lobes 
begin  to  whiten,  after  the  fifth  month  the  frontal  lobes ; but  the  myelina- 
tion  of  the  fibres  of  the  great  brain  is  not  completed  until  after  the  ninth 
month  of  extra-uterine  life  (Parrot). 

The  various  parts  of  the  cortex  are  supplied  with  fibres  of  the  three 
kinds  just  named  in  very  different  ways  and  to  a very  different  extent. 
Flechsig  even  goes  so  far  as  to  think  that  the  fibres  of  the  corona  radiata 
are  confined  to  about  one-third  of  the  cortex,  viz.,  the  visual  area  in  the 
fissura  calcarina,  the  auditory  area  in  the  first  gyrus  temporalis,  the 
olfactory  area  in  the  gyrus  hippocampi,  and  the  whole  of  the  motor  zone. 
Starting  from  the  assumption  that  tracts  which  conduct  centripetally 
(continuations  of  the  posterior  columns,  etc.)  enter  the  motor  zone,  he  gives 
the  name  of  ‘sense-centres’  to  the  region  supplied  by  the  fibres  of  the 
corona  radiata,  and  terms  the  regions  of  the  second  class — those,  that  is, 
which  enter  into  connection  only  with  other  cortical  regions — ‘ association- 
centres.’ 

But  the  connection  between  all  parts  of  the  cortex  is  not  equally  close, 
although  we  must  assume  that  in  the  human  brain  these  inter-cortical 
relations  are  rich  and  manifold  in  a degree  corresponding  to  its  high 
development.  It  is  very  difficult  to  bring  incontestable  proof  that  any 
two  parts  of  the  cortex  are  totally  disconnected.  In  any  case,  an  extremely 
intimate  connection  will  be  of  service  in  promoting  the  highest  possible 
degree  of  functional  capacity.  Thus,  Sachs  attempts  to  prove  that  the 
occipital  lobe  has  hardly  any  intimate  connections  except  with  the  temporal 
lobe,  and  only  with  the  posterior  part  of  that,  and  none  whatever,  perhaps, 
with  the  anterior  part  of  the  cerebrum.  The  temporal  lobe,  on  the  con- 
trary, is  connected  with  nearly  all  parts  of  the  cortex  of  the  brain. 

(1.)  Corona  radiata. — The  fibres  of  the  corona  radiata,  considered 
as  a whole,  converge  like  an  open  fan  towards  the  internal  capsule — a 
crown  of  rays  may  be  shown  in  dissected  preparations,  to  rest  upon  the 
’tween-brain.  The  region  next  above  the  internal  capsule,  where  the  fibres 
coming  from  various  places  meet  the  stalk  of  the  fan,  is  termed  the 
pedunculus  corona;  radiate.  It  must  be  remembered,  however,  that  some 
of  the  fibres  of  the  corona  radiata  pass  to  the  thalamus,  and  others  to  (or 
from)  deeper-lying  structures. 

The  following  more  important  parts  of  the  corona  radiata  may  be 
distinguished ; — 

(a.)  From  the  anterior  part  of  the  frontal  lobe,  the  frontal  pontine 
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tract  and  the  anterior  peduncle  of  the  thalamus.  Also  fibres  which  take 
origin  from  the  frontal  and  parietal  lobes  and  are  collected  into  a bundle 
which  runs  a sagittal  course  laterally  to  the  nucleus  caudatus  (Sachs). 

(h.)  From  the  central  convolutions  and  neighbouring  areas,  the  pyra- 
midal tract  and  perhaps  also  Edinger’s  tegmental  system  of  fibres,  as  well 
as  bundles  for  the  thalamus. 

(c.)  From  the  posterior  parts  of  the  parietal  lobe  and  also  from  the 
occipital  lobe,  fibres  for  the  thalamus  (running  chiefly  in  its  posterior 
peduncle),  as  well  as  fibres  for  the  external  geniculate  and  anterior  quadri- 
geminal bodies,  and  also  for  the  posterior  part  of  the  hinder  segment  of 
the  internal  capsule  (sensory  tracts  of  the  sagittal  medullary  stratum). 

(d.)  From  the  temporal  lobe,  fibres  for  the  thalamus,  a part  of  which 
run  in  its  inferior  peduncle,  while  others  join  the  sagittal  medullary 
stratum.  Of  the  last  division  the  majority  are  probably  not  meant  for 
the  thalamus,  but  for  the  back  of  the  internal  capside  and  so  for  the  crusta. 
Fibres  seem  also  to  extend  from  the  temporal  lobe  to  the  internal  geniculate 
body.  Fleclisig's  view  that  the  fibres  of  the  corona  radiata  are  distributed 
over  a third  part  of  the  brain-surface  only  is  no  longer  tenable. 

Beside  these  most  important  constituents  of  the  corona  radiata,  it 
contains  others,  such  as  Edinger’s  basal  bundle  of  the  fore-brain  (ansa 
lenticularis),  and  the  olfactory  bundle,  as  well  .as  the  fornix. 

To  what  we  have  already  said  about  the  anatomical  disposition  of  the 
fornix  (p.  81),  something  must  still  be  added  here.  The  first  point 
which  we  must  bear  in  mind  is  that  the  fornix  draws  all,  or  nearly  all  its 
fibres  through  the  fimbria  from  the  cortex  of  the  cornu  Ammonis  on  the 
same  side ; but  it  may  be  considered  certain  that  each  pillar  contains  fibres 
from  the  cornu  Ammonis  of  the  opposite  side. 

The  fornix  contains  many  fibres  which  originate  in  the  region  of  the 
cornu  Ammonis  and  end  in  the  corpus  mammillare,  being,  therefore, 
analogous  to  the  fibres  of  the  corona  radiata.  A small  portion  of  the 
fornix  which  streams  on  to  the  septum  pellucidum  [precommissural  fibres 
of  Huxley]  ought  to  be  reckoned  as  fibres  of  association,  since  the  septum 
pellucidum  belongs  to  the  cortex. 

According  to  Zuclcerlcandl,  these  fibres  belong  to  the  olfactory  bundle 
of  the  cornu  Ammonis  and  pass  into  the  central  olfactory  apparatus  in 
front  of  the  anterior  commissure.  At  any  rate,  we  may  take  for  granted 
that  the  fornix  is  very  intimately  connected  with  the  olfactory  region. 
Other  bundles  from  the  columna  fornicis  also  pass  down  in  front  of  the 
anterior  commissure,  twist  round  it,  and  turn  back  immediately  to  reunite 
with  the  main  stem.  The  stria  alba  tuberis  (p.  430)  should  also  be  men- 
tioned here. 

Nor  should  we  forget  the  fibres  of  the  fornix  which  diverge  from  the 
columna  fornicis,  arch  upwards,  and  pass  backwards  as  the  stria)  medullares 
thalami  (p.  419). 

A part  of  the  fibres  of  the  pillars  of  tire  fornix  crosses  in  the  anterior 
decussation  of  the  regio  subthalamica  shortly  before  reaching  the  corpora 
mammillaria. 
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Each  corpus  mammillare  is  divided  into  two  separate  ganglia — a 
mesial  one  containing  small  cells  and  a lateral  one  containing  large  nerve- 
cells.  A large  part  of  the  columna  fornicis  (called  its  radix)  pushes  itself 
between  the  two  ganglia,  partly  to  enter  their  substance,  partly  to  form 
their  capsule. 

Only  a part  of  the  fibres  of  the  fornix  ends  in  the  corpus  mammillare  ; 
the  remainder  run  in  very  different  directions,  forming,  for  example,  the 
bundles  which  cross  behind  it  and  on  its  dorsal  side  (inferior  crossed  root  of 
the  columna  fornicis).  Other  less  important  connections  of  the  fornix 
certainly  exist  ( vide  Gudilen,  Honegger). 

Out  of  the  posterior  part  of  the  mesial  ganglion,  which  constitutes  the 
bulk  of  the  corpus  mammillare,  arises  the  bundle  of  Vicq  d’Azyr  (fasciculus 
thalamo-mammillaris,  ascending  crus  of  the  fomix  of  Meynert)  which  first 
ascends  directly  and  then  bends  more  anteriorly  to  terminate  in  the  tuber- 
culum  anterius  of  the  thalamus.  If,  in  the  corpus  mammillare,  a simple 
turning  over  of  the  radix  column®  fornicis  into  the  bundle  of  Yicq  d’Azyr 
is  not  probable,  an  undeniable  relationship  between  these  two  tracts  never- 
theless exists.  A smaller  bundle  extending  backwards  to  the  tegment 
arises  in  the  mesial  ganglion  (tegmental  bundle  of  the  corpus  mammillare). 
It  cannot  be  followed  far,  in  Man  especially,  as  its  fibres  very  soon 
scatter. 

The  lateral  ganglion  also  sends  a bundle  of  fibres  backwards  to  the 
tegment  (pedunculus  corporis  mammillaris,  Meynert’s  tegmental  bundle  of 
the  corpus  mammillare).  In  the  rabbit  it  lies  quite  superficially  on  the 
inner  border  of  the  crusta  ; in  Man  it  is  situate  more  deeply.  It  is  pierced 
by  fibres  of  the  oculomotor  nerve,  Pcm  (fig.  149).  Its  subsequent  fate  in 
the  region  of  the  pons  is  not  yet  ascertained.  It  must  be  noted  that  each 
corpus  mammillare  passes  over,  on  the  anterior  and  external  side,  into  a 
broad  stem,  the  brachium  corporis  mammillare  of  Retzius. 

Sometimes  a bundle,  about  1 mm.  broad,  is  seen  stretching,  usually  on 
the  left  side  only,  quite  superficially,  from  the  corpus  mammillare  over  the 
tuber  cinereum,  and  disappearing  beneath  the  chiasma  some  4 or  5 mm. 
from  the  mesial  border  of  the  crusta  ( Lenhosselc ).  This  bundle,  stria  alba 
tuberis,  turns  outwards  beneath  the  tractus  opticus,  to  the  fornix  of  which 
it  ought  to  be  regarded  as  a detached  fasciculus. 

Lenhosselc  describes  yet  another  bundle  of  fibres  arising  in  the  medul- 
lary covering  of  the  corpus  mammillare.  It  passes  more  deeply  through 
the  tuber  cinereum  in  a sagittal  direction  forwards,  and  spreads  out  into 
the  substantia  perforata. 

(2.)  Commissural  Fibres  of  Cerebrum.— By  means  of  the  corpus 
callosum,  anterior  commissure,  and  commissura  hippocampi,  a connection 
is  effected  between  identical  spots  on  the  cortex  of  the  two  hemispheres ; 
in  Man,  at  any  rate,  it  looks  as  if  each  individual  area  on  the  general 
surface  of  the  great  brain  was  without  exception  united  to  its  corre- 
sponding contra-lateral  area.  It  is  not,  however,  certain  that  the  com- 
missural system  for  the  several  regions  of  the  cortex  is  everywhere  equally 
well  developed.  [ Sherrington  finds  that  secondary  degenerations  in  the 
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corpus  callosum  do  not  extend  from  the  injured  area  directly  to  the  homo- 
logous spot  on  the  opposite  hemisphere,  but  show  a tendency  to  spread 
out.] 

(a.)  Corpus  Callosum  ( Trabs ). — From  that  part  of  the  corpus 
callosum  which  can  be  exhibited  by  simply  drawing  aside  the  two  hemi- 
spheres and  exposing  the  bottom  of  the  great  longitudinal  fissure  (free 
part  of  the  corpus  callosum),  the  fibres  stream  into  the  two  hemispheres 
(radiation  of  the  corpus  callosum).  In  this  free  portion  of  the  corpus 
callosum  the  fibres  run  horizontally,  but  soon  after  entering  the  hemi- 
spheres they  diverge  upwards  and  downwards  to  the  parts  of  the  cortex  for 
which  they  are  destined.  Since  the  cerebral  hemisphere  exceeds  the  corpus 
callosum  in  length,  it  is  clear  that  all  the  fibres  of  the  latter  cannot 
continue  in  the  same  frontal  plane;  but  both  at  its  front  and  back  the 
fibres  must  form  arches  as  they  curve  round  to  the  front  of  the  frontal  and 
the  back  of  the  occipital  lobe  respectively.  In  front,  at  the  genu  corporis 
callosi,  the  fibres  destined  for  the  frontal  lobes  of  the  two  hemispheres  form 
the  forceps  anterior.  In  defibred  preparations  this  shape  is  chiefly  due  to 
the  deceptive  appearance  of  fibres  of  the  corona  radiata,  which  come  from 
the  temporal  lobe  and  seem  to  bend  round  into  the  corpus  callosum.  On 
this  ground  Dljerine  refuses  to  recognise  the  existence  of  a forceps  anterior. 
The  streaming  out  of  the  fibres  of  the  rostrum  corporis  callosi  into  the 
convolutions  of  the  two  sides,  may  be  termed,  with  Henle,  the  white  com- 
missure of  the  floor  (connnissura  baseos  alba). 

The  fibres  of  the  corpus  callosum  destined  for  the  occipital  and  tem- 
poral lobes  pass  through  the  splenium. 

The  occipital  portion  of  the  corpus  callosum  takes  rise  from  the  point  at 
which  the  splenium  bends  round.  It  runs  back  as  a strong  column,  con- 
cave mediamvards  (forceps  posterior).  The  main  body  of  these  fibres 
passes,  as  the  forceps  major,  to  the  cortex  of  the  upper  parietal  lobule,  in 
the  upper  part  of  the  mesial  wall  of  the  posterior  horn.  They  make  a 
swelling  on  the  mesial  wall  of  the  ventricle,  known  as  the  bulbus  cornu 
posterioris.  A little  detached  tract  (forceps  minor)  courses  in  the  lower 
wall  of  the  posterior  horn.  The  greater  part  of  it  goes  to  the  gyri 
fusiformis  et  lingualis. 

From  the  rolled-up  posterior  edge  of  the  splenium  the  fibres  of  the 
corpus  callosum  pass  off  to  the  temporal  lobe.  They  cling  to  the  lateral 
wall  of  the  lateral  ventricle,  especially  in  the  inferior  horn  (tapetum). 
From  this  layer  of  fibres  investing  the  outer  wall  of  the  inferior  horn,  fibres 
are  constantly  given  off  to  the  cortex  of  the  temporal  lobe. 

In  many  cases  in  which  the  corpus  callosum  was  absent,  the  tapetum 
has  nevertheless  been  found  well-developed  ( Onufrowicz , Kaufmann),  whence 
the  conclusion  has  been  deduced  that  the  latter  received  its  fibres,  not  from 
the  corpus  callosum,  but  from  the  fasciculus  longitudinalis  superior  (p.  434), 
or  the  fasciculus  nuclei  caudati  (p.  425).  But,  on  the  other  hand,  cases 
have  been  described  in  which  the  tapetum  was  lacking,  although  the 
fasciculus  longitudinalis  superior  was  well  preserved  ( Minrjazzini ).  Muratoff 
found  the  tapetum  intact  after  experimental  destruction  of  the  corpus 
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callosum,  and  is  therefore  inclined  to  admit  no  connection,  or  only  the 
slightest,  between  the  tapetum  and  corpus  callosum ; an  opinion  which  is 
shared  by  Dijerine.  On  the  other  hand,  again,  Anton  observed  secondary 
degeneration  of  the  contra-lateral  tapetum  as  a result  of  softening  of  the 
splenium  and  forceps  major ; so  that,  although  the  question  of  the  origin 
of  the  tapetum  is  not  definitively  settled,  we  have  yet  some  justification 
for  the  view  that  a not  inconsiderable  portion  of  it  belongs  to  the  corpus 
callosum.  The  external  capsule  receives  a considerable  accession  of  fibres 
from  the  corpus  callosum.  On  their  way  they  have  to  cross  fibres  intended 
for  the  internal  capsule  (cf.  fig.  20). 

It  may  be  regarded  as  certain  that  the  corpus  callosum  provides  for  the 
whole  of  the  surface  of  the  cerebrum,  with  the  exception  of  the  inferior  and 
anterior  portions  of  the  temporal  lobes  and  the  olfactory  lobes  (tractus 
olfactorii).  Beevor  made  the  mistake  of  including  the  cuneus  among  the 
parts  which  receive  no  fibres  from  it. 

The  fibres  of  the  corpus  callosum  used  to  be  generally  regarded  as 
commissural  fibres  in  the  strict  sense  of  the  word,  connecting  only  corre- 
sponding regions  in  the  two  hemispheres  ; but  we  are  now  certain  that  a 
great  many  of  them  (if  not  all)  establish  connections  between  parts  of  the 
cortex  that  are  not  equivalent.  For  instance,  in  the  tapetum  we  find  fibres 
which  originate  from  the  temporal  lobe  of  one  side,  traverse  the  posterior 
part  of  the  corpus  callosum,  and  pass,  through  the  forceps  major  of  the 
other  side,  into  the  cuneus,  thus  constituting  a crossed  connection  betweeu 
the  auditory  and  visual  centres. 

Since  no  single  fibre  can  be  isolated  in  its  whole  course  from  a certain 
spot  on  the  cortex  in  one  hemisphere  to  the  corresponding  spot  on  the 
opposite  hemisphere,  it  will  be  readily  apprehended  that  from  time  to  time 
a voice  is  raised  in  favour  of  a different  meaning  for  this  part  of  the  brain. 
Hamilton , in  particular,  erroneously  asserts  that  the  corpus  callosum 
represents  a great  crossed  communication  between  the  cortex  and  the 
opposite  internal  and  external  capsules.  On  the  other  hand,  the  experi- 
ments of  Ferrier  and  Tamer  seem  to  prove  that  numerous  fibres  from  the 
thalamus  opticus  pass  through  the  corpus  callosum  to  the  cortex  of  the 
contra-lateral  hemisphere,  so  that  crossed  fibres  would,  as  a matter  of  fact, 
course  in  it. 

The  upper  surface  of  the  corpus  callosum  is  invested  (as  I shall  explain 
when  I come  to  describe  the  cortex  of  the  gyrus  fornicatus)  with  a thin 
layer  of  grey  substance,  which  lies  near  the  middle  line  and  is  divided 
into  two  longitudinal  ridges,  the  striae  longitudinales  medialis  et  lateralis 
neu  nervi  Lancisii.  In  many  brains  they  are  but  faintly  marked. 

In  sagittal  sections  of  the  brains  of  many  small  mammals  we  find 
bundles  of  fibres  which  enter  the  corpus  callosum  from  the  medullary 
substance  of  the  great  brain  immediately  above  and  behind  it  (the  gyrus 
fornicatus),  run  forwards  more  or  less  sagittally  on  its  inner  side,  and 
finally  enter  the  septum  pellucidum  (fornix  longus). 

In  lower  vertebrates  and  aplacental  mammals  there  is  no  real  corpus 
callosum  present ; in  fact  we  invariably  find  that  the  more  highly  the  brain 
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is  organised  the  stronger  is  tho  development  of  the  corpus  callosum.  In 
the  brains  of  low  vertebrates  the  oommissura  hippocampi  is  almost  the  only 
thing  that  represents  it.  Complete  or  partial  deficiency  or  abnormal  short- 
ness of  the  corpus  callosum  has  been  repeatedly  observed  in  Man.1 


Fig.  192.— Diagram  of  the  long  associating  tracts  ot  the  cortex  cerebri.— PF,  Frontal 
pole  ; PT,  temporal  pole  ; PO,  occipital  pole  ; Fa,  fasciculus  arcuatus  ; Fa,  fasci- 
culus uncinatus  ; Fit,  fasciculus  longitudinalis  inferior  ; Op,  fasciculus  occipitalis 
perpendicularis. 

(I>.)  The  anterior  commissure,  which  is  an  accessory  to  the  corpus 
callosum  for  the  connection  of  the  cortex  of  the  olfactory  lobes  and  parts  of 
the  temporal  lobes,  has  already  been  described  in  detail  (cf.  p.  331).  In 
cases  of  deficiency  of  the  corpus  callosum  the  anterior  commissure  is  some- 
times more  or  less  completely  absent. 

(c.)  The  oommissura  hippocampi  (commissure  of  the  fornix  or  of 
the  cornu  Ammouis)  consists  of  the  transverse  fibres  of  tho  psalterium 
which  connect  the  two  cornua  Ammonis.  By  many  it  is  looked  upon  as  a 
rudimentary  corpus  callosum.  We  find  it  in  monotremes,  birds,  amphibia, 
and  reptiles,  in  all  animals,  that  is  to  say,  in  which  any  structure  analogous 
with  the  cornu  Ammonis  is  present.  In  all  these  classes  the  corpus 
callosum  is  almost  or  entirely  wanting. 

(3.)  Fibres  connecting  together  Different  Areas  on  the  same 
Hemisphere. — It  is  necessary  to  distinguish  between  short  fibres  which 
connect  together  neighbouring  cortical  regions  and  long  or  considerable 

1 [The  anterior  and  hippocampal  commissures  are  alone  present  in  Monotremes  and 
Marsupials.  Their  cortex  is  chiefly  represented  in  the  temporal  lobe  and  hippocampus 
of  higher  mammals.  The  development  of  the  corpus  callosum  is  proportional  to  that 
of  the  remaining  cortical  fields.  It  is  not  improbable  that  fibres  are  transferred  from 
one  or  both  of  the  primitive  commissures  to  the  corpus  callosum  ; but,  on  the  other  hand, 
it  is  possible  that  the  absence  of  the  latter  in  proto-  and  metatheria  indicates  that  tho 
whole  of  their  cerebral  cortex  is  homologous  with  the  temporal  lobe  and  hippocampus  of 
higher  mammals.  ] 
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tracts  which  unite  together  parts  of  the  cortex  situate  some  distance  away 
from  one  another.  Collectively  the  two  sets  of  fibres  are  spoken  of  as 
belonging  to  association-systems,  since  they  are  regarded  as  systems  for 
bringing  into  functional  connection  distant  parts  of  the  brain  and  so 
providing  the  mechanism  for  concerted  actions.  It  would  be  more  con- 
voniont  if  commissural  fibres,  as  well  as  association-fibres,  were  included  in 
a single  group,  so  that  all  the  homodesmotic  fibres  of  the  cerebral  cortex 
which  have  an  analogous  function  were  classed  together. 

The  short  fibres  which  unite  neighbouring  convolutions  are  to  be  seen 
in  properly  prepared  dissections,  arching  beneath  the  cortex  at  the  bottom  of 
the  fissures,  U -fibres,  Arnold’s  fibr;e  arcuatse  seu  propria:.  They  are  joined, 
without  any  sharp  dividing  line,  by  similar  arcuate  fibres  which  lie  in  the 
deeper  layers  of  the  cortex,  the  intra-cortical  or  external  association-layer. 

Amongst  the  long  association-bundles  (fig.  192)  which  may  be  demon- 
strated by  defibreing  are  reckoned  : — 

(a.)  Fasciculus  uncinatus,  Fu,  at  the  entrance  of  the  Sylvian  fossa, 
extending  from  the  inferior  frontal  convolution  to  the  gyrus  uncinatus  and 
the  apex  of  the  temporal  lobe. 

(b.)  The  fasciculus  longitudinalis  inferior,  Fit  (stratum  sagittale  exter- 
num), which  is  of  all  the  long  association-bundles  the  most  easily  demon- 
strated, runs  as  a broad  tract  from  the  anterior  part  of  the  temporal  to  the 
apex  of  the  occipital  lobe.  It  is  also  said  to  give  olT  fibres  to  the  external 
capsule.  It  surrounds  the  optic  radiations  of  the  occipital  lobe  like  the 
half  of  a saucer. 

(c.)  The  fasciculus  arcuatus,  Fa  ( seu  longitudinalis  superior,  upper 
longitudinal  bundle),  consists  of  sagittally-disposed  fibres,  beneath  the 
inferior  and  middle  frontal  convolutions,  running  partly  towards  the 
occipital  lobe  and  partly  arching  round  towards  the  apex  of  the  temporal 
lobe ; it  is  not  easy,  however,  to  make  a good  preparation  of  this  tract,  as 
it  is  closely  interwoven  with  the  fibres  of  the  corpus  callosum.  Degenera- 
tion can  never  be  followed  far  in  this  bundle ; it  probably  consists  entirely 
of  short  fibres  connecting  convolutions  not  very  far  apart. 

(cZ.)  The  cingulum  is  an  arched  tract  which  lies  in  the  medullary 
substance  of  the  convolution  of  the  same  name,  and  so  describes  a great 
arch  between  the  substantia  perforata  anterior  near  the  mesial  surface  of 
the  brain  and  the  apex  of  the  parietal  lobe.  For  the  greater  part  of  its 
course  the  cingulum  lies  up  against  the  corpus  callosum  along  the  line  of 
junction  of  its  body  and  its  radiating  fibres.  In  frontal  sections  of  the 
brains  of  animals  it  can,  as  a rule,  be  recognised  by  its  circular  cross- 
section. 

The  separate  fibres  of  the  cingulum  do  not  appear  to  run  its  whole 
length,  or,  indeed,  any  great  part  of  it.  It  is  probably  composed  of  fibres 
which  only  keep  this  course  for  a short  distance.  Those  contained  in  the 
part  above  the  corpus  callosum  turn  aside  in  front  into  the  centrum  semi- 
ovale,  while  behind  they  probably  have  their  roots  in  various  parts  of  the 
cortex  ( Beevor ).  Accordingly,  it  is  by  no  means  impossible  that  fibres  from 
the  corona  radiata  course  in  the  cingulum. 
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(e.)  The  perpendicular  occipital  fasciculus  of  Wernicke,  Op  {cf.  fig.  19, 
Fov),  descends  from  the  upper  angle  of  the  inferior  parietal  lobule  vertically 
to  the  lobulus  fusiformis. 

(/.)  By  the  name  of  fasciculus  lobuli  lingualis,  Vialet  describes  a bundle 
which  courses  from  the  under  side  of  the  calcarine  fissure  to  the  convex 
surface  of  the  occipital  cortex. 

(g.)  The  fasciculus  occipito-frontalis,  situate  in  the  lateral  angle  of  the 
lateral  ventricle,  may  partly  correspond  to  the  fasciculus  nuclei  caudati, 
fasciculus  subcallosus  (p.  426).  Here  also  lie  the  bundles  of  fibres  of  the 
corona  radiata  described  by  Sarhs  as  coming  from  the  frontal  and  parietal 
lobes.  Dejerine’x  view  is  that  this  bundle  originates  mainly  in  the  gyri 
frontalcs,  courses  back  above  the  nucleus  caudatus  and  beneath  the  corpus 
callosum,  and  streams  into  the  cortex  of  the  occipital  and  temporal  lobes ; 
forming  the  tapetum  on  its  way  {cf.  p.  431). 

On  the  outer  side  of  the  cingulum  we  come  upon  the  place  where  the 
fibres  of  the  corpus  callosum  and  the  internal  capside  meet  one  another  at 
right  angles  and  interlace.  It  is  immensely  difficult  in  this  region  to  dis- 
tinguish individual  tracts  of  fibres  ; farther  outwards  these  two  sets  of  fibres 
are  more  in  accord  as  to  their  course. 

The  fibres  of  the  external  capsule  have  a fan-shaped,  downwardly-con- 
verging  course,  corresponding  to  the  disposition  of  the  convolutions  of  the 
island  of  Reil.  They  seem  to  belong  exclusively  to  the  cortex  of  the 
island  and  to  have  nothing  to  do  with  the  lateral  segment  of  the  nucleus 
lenticularis.  Some  of  the  fibres  extend,  as  already  mentioned,  towards  the 
corpus  callosum. 

It  is  obvious  that  all  the  fibre-tracts  which  establish  connections 
between  the  several  parts  of  the  cortex  (in  which  category  I include  the 
commissural  fibres)  must  be  of  the  highest  functional  importance,  since  in 
them  we  must  seek  for  the  most  important  mediators  in  associating 
presentations  of  sense.  We  find,  accordingly,  that  in  the  more  highly 
organised  brains  the  commissural  and  association  systems  are  peculiarly 
well  developed ; and  we  may  fairly  draw  a parallel  between  their  higher 
development  and  the  capacity  for  more  varied  and  complicated  intellectual 
activity. 


3.  CORTEX  CEREBRI. 

The  wall  of  the  anterior  cerebral  vesicles,  both  primary  and  secondary, 
but  especially  the  latter,  develops  into  the  grey  substance  of  the  cortex 
cerebri.  Certain  parts  of  the  developed  wall  of  the  anterior  cerebral 
vesicle  do  not  seem  to  enter  into  the  formation  of  the  superficial  layer  of 
the  great  brain ; nor  do  they  either  in  date  of  development  or  in  histolo- 
gical characters  agree  with  the  cortex  cerebri  in  the  stricter  sense  of  the 
term.  Further  embryological  observations  are  necessary  to  justify  the 
conception  that  they  really  are  homologous  with  the  cortex.  We  have 
already  made  the  acquaintance  of  some  of  these  portions  of  the  brain  which 
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do  not  look  at  the  first  glance  as  if  they  ought  to  bo  accredited  to  the 
cortex — viz.,  the  grey  substance  of  the  traetus  olfactorius,  the  nucleus 
caudatus,  and  the  putamen. 

If  we  cut,  no  matter  where,  at  right  angles  into  the  surface  of  the 
hemisphere,  the  cortex  (in  the  limited  sense  of  the  word)  appears  as  a dark 
bordering  band.  The  breadth  of  this  band  not  only  varies  in  different 
individuals,  but  in  the  same  brain  it  depends  upon  the  locality.  It  varies 
from  1 -5  mm.  to  4 mm.,  and  is  invariably  thicker  at  the  apex  of  the  con- 
volutions than  it  is  in  the  fissures.  Its  maximum  breadth  is  attained  at 
the  upper  part  of  the  central  convolutions  and  in  the  lobus  paracentralis, 
its  minimum  near  the  occipital  pole.  In  old  age,  with  advancing  atrophy 
of  the  brain,  the  diminishing  thickness  of  the  cortex  is  very  noticeable. 

Even  in  microscopical  observation  of  fresh  brains  a stratification  of  the 
cortex  parallel  to  the  surface  is  evident,  owing  to  the  different  colour  of  its 
layers.  The  differences  in  colour  of  the  several  layers  are  not  equally  dis- 
tinct in  all  brains  or  in  all  parts  of  the  cortex  of  the  same  brain. 

Kolliker  distinguished  an  outer  white,  middle  grey,  and  inner  yellowish- 
red  layer.  The  narrowest  of  the  three  is  the  white  layer  on  the  surface, 
the  other  two  are  about  equally  broad.  Between  the  two  inner  layers  lies 
a not  well-defined  white  band,  while  another  band,  or  even  two  bands, 
sometimes  occupy  the  middle  of  the  inner  layer ; these  are  known  as 
Baillarger’s  stripes  (outer  and  inner).  Hence  the  reader  will  gather  that 
Baillarger  distinguished  six  layers  in  the  cortex. 

This  stratification  is  most  likely  to  be  seen  in  the  superior  frontal  or 
anterior  central  convolutions.  In  the  neighbourhood  of  the  calcarine 
fissure,  extending  a little  into  the  surrounding  convolutions,  especially  the 
cuneus,  Baillarger’s  outer  stripe  although  narrow  is  sharply  marked  and 
easily  seen  in  all  brains  (fig.  27).  It  has  received  the  name  in  this  locality 
of  Vicq  d’Azyr’s  stripe  owing  to  its  description  for  the  first  time  by  this 
anatomist.  Before  him,  however  (on  February  2,  1776),  Gennari  saw  this 
band  traversing  the  cortex,  ‘liucola  albidior  admodum  eleganter,’  and 
described  it  very  exactly,  considering  the  topographical  knowledge  of  the 
time.  He  figured  it  as  well  as  the  other  stripes  of  Baillarger.  It  would, 
therefore,  be  only  just  to  re-christen  Vicq  d’Azyr’s  stripe  at  any  rate  as 
Gennari’s  stripe  (lineola  albida  Gennari).  This  name,  however,  is  given  by 
some  to  Baillarger’s  stripe. 

Just  as  with  the  naked  eye  the  appearance  of  the  cortex  is  not  the 
same  in  all  regions,  so  we  find  that  (unlike  the  cortex  cerebelli)  its 
microscopic  structure  varies  in  its  several  parts.  An  exact  account  of  all 
the  local  differences  in  minute  structure  in  the  cortex  cerebri  is  not  yet 
available,  although  the  more  important  details  with  regard  to  certain 
regions  have  been  described. 

We  will  commence  our  description  with  a section  taken  from  the 
posterior  end  of  the  middle  frontal  convolution,  and  subsequently  point 
out  the  more  important  features  by  which  other  regions  are  distinguished. 
The  stratification  visible  with  the  naked  eye  in  the  cortex  of  a fresh 
brain  is  produced  by  the  arrangement  of  the  various  tissue-elements 
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of  which  it  is  composed,  not,  it  is  true,  in  definite  strata,  but  still  in 

layers  with  a certain  amount  of  regularity. 

The  layers  of  the  cortex  cerebri  are  usually  classified  according  to 
the  form,  size,  and  distribution  of  their  nerve-cells.  We  shall,  there- 


Fig.  193.— Vertical  section  through  the  human  cortex  cerebri  where  it  covers  the 
posterior  part  of  the  middle  frontal  convolution.  Carmine  staining.  Magn.  20. 
Fig.  194. — Cortex  of  the  lobulus  paracentralis. 

Fig.  195. — Cortex  of  the  gyrus  cinguli. — Cell , corpus  callosum  ; Jgr,  indusium  griscum; 
Stlm,  stria  longitudinalis  medialis. 

Fig.  196. — Cortex  of  the  subiculum  cornu  Ammonis  at  its  most  projecting  part. 


fore,  study  first  a carmine-coloured  preparation ; since  in  silver  prepara- 
tions we  run  the  risk  of  seeing  only  a limited  number  of  cells,  and  those 
not  equally  in  all  layers.  The  direction  in  which  the  section  is  cut  should 
be  such  that  the  nerve-fibres  which  stream  into  the  cortex  arc  divided, 
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as  far  as  possible,  in  the  direction  of  their  course.  This  direction  can  be 
determined  by  breaking  a small  piece  of  hardened  brain,  including  a 
portion  of  medullary  substance.  The  plane  of  cleavage  corresponds  to 
the  direction  of  the  bundles  of  fibres,  as  can  be  seen  by  the  characteristic 
radial  striation.  To  obtain  good  preparations  of  the  cells  of  the  cortex,  it 
is  advisable  merely  to  harden  the  piece  of  tissue  in  chrome-salts,  and 
to  cut  it  under  water  with  Gudden’s  microtome,  avoiding  the  use  of 
alcohol  and  celloidin. 

Immediately  beneath  the  pia  mater  which  limits  it  towards  the 
epicerebral  space,  a layer  0‘25  mm.  thick  is  met  with  (layer  poor  in  cells, 
layer  of  scattered  cortical  bodies,  neurogleial  layer,  stratum  moleculare, 
ependyma-formation),  in  which  small  nerve -cells  are  scattered  about 
irregularly  in  an  apparently  homogeneous  ground-substance  (fig.  193). 
On  its  outer  border  is  to  be  seen  a narrow  stratum  (10  to  30  /x  in  thick- 
ness) consisting  exclusively  of  a close  gleial  feltwork  containing  many 
spider  cells.  It  gives  to  the  preparation  when  slightly  magnified  a dark 
contour. 

The  second  layer  (of  small  pyramidal  cells,  outer  nerve-cell  layer) 
is  about  as  thick  as  the  molecular  layer  from  which  it  is  sharply 
marked  off.  It  contains  a great  number  of  nerve-cells,  not  more 
than  10  /x  in  height,  closely  packed  together.  They  are  for  the  most 
part  pyramidal  in  shape,  the  apices  of  the  pyramids  being  directed 
towards  the  surface. 

The  third  layer,  1 mm.  thick  (layer  of  large  pyramids,  formation  of 
the  cornu  Ammonis,  middle  nerve-cell  layer),  is  not  well  marked  off 
from  the  preceding  one. 

The  pyramidal  cells  become  more  widely  separated  from  one  another, 
and  larger  in  size  the  farther  we  descend  from  the  surface,  so  that  the 
largest  (as  much  as  40  /x  in  breadth)  are  to  be  looked  for  deepest  down. 
These  large  cells  afford  us  the  best  opportunity  of  studying  the 
peculiarities  of  pyramidal  cells. 

The  pyramid  may  be  imagined  as  evolved  from  a fusiform  cell.  The 
spindle-cell  must  be  supposed  to  be  placed  radially  to  the  surface ; it 
gives  oft'  two  chief  processes,  the.  outer  one  of  which  is  very  gradually 
derived  from  the  cell-body,  being  formed  indeed  by  a tapering-off  of  its 
substance ; it  can  be  followed  a long  way  towards  the  surface.  The 
other  process  originates  more  suddenly  from  the  cell  with  which  it 
is  connected  by  a conical  base ; it  turns  more  or  less  directly  towards 
the  medullary  substance.  Besides  these  two  chief  processes  the  cell 
gives  off  a number  of  secondary  processes  (from  4 to  12)  with  very  wide 
bases.  The  largest  and  most  regularly  disposed  of  these  come  oft  from 
the  deepest  part  of  the  cell-body,  which  gains,  therefore,  a considerable 
girth.  The  cell  acquires  in  this  way  the  shape  of  a cone  or  pyramid 
with  its  point  directed  outwards. 

The  processes  are  named  in  terms  applicable  to  this  pyramidal  shape. 
The  first  of  the  chief  processes  which  runs  towards  the  periphery  is  named 
the  apical  process,  the  other  one,  which  passes  deeply,  the  basal  process. 
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The  accessory  processes  which  come  oft  from  the  circumference  of  the 
base  are  named  lateral  basal  processes ; all  the  rest  are  simply  lateral 
processes. 

The  apical  process  can  be  followed,  sometimes  as  far  as  the  layer 
of  small  pyramids,  but  hardly  ever  into  the  molecular  layer  in  carmine- 
stained  preparations.  On  its  way  from  the  cell  it  gives  oft  a variable 
number  of  tine  side  branches,  which  have  somewhat  thickened  bases  and 
lie  at  right  angles  to  the  apical  process,  dissolving  farther  on  into  the 
finest  possible  network.  The  chief  process  thus  becomes  gradually 
thinner  and  more  delicate. 

The  middle  basal  process  (fig.  198,  a),  which  is  often  very  difficult 
to  find,  is  supposed  to  be  continued  directly  into  a medullated  fibre,  and 
hence  is  termed  the  axis-cylinder  process.  The  axis-cylinder  process,  in 
exceptional  cases,  comes  oft’  from  the  side  of  the  cell.  Even  under  the 
most  favourable  conditions  it  is  only  rarely  possible  to  prove  that  it  passes 
directly  into  a medullated  fibre. 

The  accessory  processes  are  distinguished  from  the  chief  processes  by 
the  manner  of  their  division,  which  is  dichotomous  ; only  after  continued 
forking  do  they  end  in  the  network. 

The  protoplasm  of  the  pyramidal  cells  is  finely  granular ; sometimes 
(it  must  be  remembered  that  all  this  refers  to  carmine  preparations) 
a delicate  striation  win  be  recognised.  After  the  twentieth  year  of  age,  a 
little  clump  of  light-yellow  pigment  is  always  found  in  the  cell,  usually 
nearer  to  its  base  than  apex.  The  nucleus  is  round  or  oval,  or  imitates  on 
a diminished  scale  the  pyramidal  form  of  the  cell.  Cells  with  round  and 
cells  with  pyramidal  nuclei  occur  side  by  side.  It  is  not  yet  ascertained 
whether  this  difference  in  the  form  of  the  nucleus  is  associated  with  a 
difference  of  function  or  is  only  a result  of  hardening. 

The  nucleolus  is  conspicuous  owing  to  its  high  refraction. 

Owing  to  the  manner  in  which  the  apical  process  arises  it  is  im- 
possible to  determine  the  length  of  the  cell,  the  division  between  its 
body  and  the  apical  process  being  an  arbitrary  one. 

The  nerve-cells  of  the  cortex  cerebri,  especially  the  pyramidal  cells, 
are,  on  various  grounds,  considered  as  concerned  in  carrying  out 
psychical  functions ; although  it  is  not  permissible  to  place  the  1 seat 
of  perception  ’ in  them  without  further  ado.  It  is  very  probable  that 
the  largest  pyramids  have  a psychomotor  role. 

A pericellular  space  of  varying  breadth  surrounds  the  larger  pyramidal 
cells.  It  often  contains  from  one  to  five  cells,  presumably  lymphoid 
[leucocytes]. 

The  nerve-fibres  come  up  from  the  medullary  centre  in  close 
bundles  easily  seen  in  carmine  preparations ; they  pass  radially  outwards 
towards  the  surface  in  regular  order  to  lose  themselves  one  after 
another  in  the  neighbourhood  of  the  third  layer.  The  spaces  between 
the  groups  of  nerve-fibres  are  occupied  by  nerve-cells  arranged  in  radial 
columns. 

Not  a few  gleia-cells  (spider  cells)  with  many  processes  are  found 
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throughout  the  whole  thickness  of  cortex ; they  are  seen  most  distinctly 
hi  the  zone  of  the  large  pyramids. 

The  fourth  layer  of  the  cortex  (layer  of  small  irregular  nerve-cells, 
granule  formation,  mixed  nerve-cell  layer)  is  about  03  mm.  wide  in  the 
section  under  description,  and  fairly  easy  to  distinguish  from  the  third. 
The  spaces  between  the  radiating  bundles,  which  now  contain  more  fibres, 
are  occupied  by  small  cells  still  arranged  in  columns.  These  cells  arc 
about  8 to  12  /a  in  diameter,  round,  angular,  or  irregular  in  shape,  and 
almost  all  indubitably  nervous.  Very  little  can  be  alleged  with  certainty 
as  to  the  number  and  further  course  of  their  processes  by  this  staining 
method.  It  may  be  noticed  that  similar  irregular,  polymorphous  cells  are 
to  be  found  scattered  irregularly  through  all  the  layers  of  the  cortex ; 
and  not  a few  large  pyramids,  and  small  pyramids,  too,  are  met  with 
amongst  the  small  polygonal  cells. 

In  the  fifth  and  deepest  layer  the  bundles  of  medullated  fibres  coming 
from  the  centre  claim  the  largest  share  of  space.  The  small  irregular 
cells  become  rapidly  sparser,  but  the  fourth  layer  is  not  marked  off 
sharply  from  the  fifth.  In  the  fifth  layer  cells  of  moderate  size  make 
their  appearance,  presenting  every  gradation  of  form  from  spindles  to 
pyramids  (layer  of  fusiform  cells,  claustral  formation).  Since,  for  the 
most  part,  they  correspond  in  direction  with  the  medullated  fibres,  a 
single  process,  similar  to  the  apical  process  of  the  pyramid  cells,  is  seen, 
as  a rule,  especially  at  the  apex  of  the  convolution  ; at  the  bottom  of  the 
fissures,  however,  it  often  happens  that  these  cells  are  disposed  parallel  with 
the  surface,  in  a manner  corresponding  to  the  course  of  the  assocating 
arcuate  bundles.  In  this  situation  the  layer  is  narrow  and  sharply  marked 
off  from  the  medullary  substance  ; whereas  at  the  apex  of  the  convolutions 
the  cells  spread  into  the  medullary  substance,  from  which  the  cortex  is  not, 
therefore,  clearly  limited. 

In  our  description  of  the  cortex  cerebri  we  have  followed  Meynert,  in 
recognising  five  layers  as  the  typical  arrangement.  Certain  of  the  layers 
may  again  be  divided,  as  we  have  seen.  The  fourth  and  fifth  layers  are 
not  always  clearly  distinguishable,  and,  consequently,  many  anatomists 
rank  them  as  one  (the  layer  of  small  nerve-cells,  or  inner  nerve-cell 
layer). 

The  fibres  vary  very  greatly  in  different  individuals,  both  as  to 
number  and  calibre,  and  the  carmine  method  teaches  us  little  with 
regard  to  their  behaviour.  Exner’s  perosmic  acid  method  or  Weigert’s 
method  must  be  used  for  this  purpose,  or,  better  still,  Wolter’s  modifi- 
cation. Pal’s  method  of  medullary-sheath  staining  is  often  unsatisfactory 
for  cortex. 

Greppin  proposes  cutting  the  brain  (either  fresh  or  after  from  four  to 
twelve  weeks’  hardening  in  Muller’s  fluid)  with  the  freezing  microtome; 
the  sections  to  be  put  for  ten  or  fifteen  hours  in  a burgundy-red  watery 
solution  of  saffranin,  washed  in  water,  spread  out  on  a slide,  dried  with 
blotting-paper,  and  examined  in  a drop  of  33  per  cent,  solution  of  caustic 
potash.  The  violet  or  dark-red  nerve-fibres  can  then  be  clearly  seen. 
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These  preparations  will  not  keep  for  more  than  half  an  hour  at 
longest. 

The  great  wealth  of  meduUated  fibres  which  Exner  was  the  first  to 
exhibit  to  perfection,  can  only  be  seen  in  pieces  of  cortex  which  have  been 
placed  in  the  hardening  fluid  a few  hours  after  death. 

In  such  preparations  we  see  just  beneath  the  pia  mater,  a border  of 
gleia,  a (fig.  197),  destitute  of  nervous  elements.  Beneath  this,  correspond- 
ing to  the  outer  half  of  the  stratum  moleculare  ( 1 ) follows  a layer  (b) 
almost  entirely  occupied  by  medullated  fibres.  Most  of  these  fibres  are 
thin,  but  some  coarse  ones  occur  amongst  them,  especially  in  the  gyrus 
centralis  anterior ; they  run  parallel  with  the  surface,  tangential  to  the 
arc  which  the  convolution  forms  (tangential  border  zone,  zonal  fibres, 
Exner’s  plexus,  plexus  exteruus,  covering  layer).  The  zonal  layer  is  less 
rich  in  fibres  in  the  frontal  lobe  than  in  many  other  parts  of  the  brain. 
In  the  inner  part  (c)  of  the  molecular  layer  is  found  a moderately  close 
network  of  fine  medullated  fibres  crossing  one  another  at  various  angles, 
but  running  parallel,  in  the  main,  with  the  tangential  fibres. 

A similar  network  (d)  occupies  the  layer  of  small  pyramids  (2). 

In  the  layer  of  large  pyramidal  cells  ( 3 ) the  fibres  are  arranged 
radially ; they  are  collected  into  bundles  which  are  more  definite  in  its 
deeper  parts.  Single  fibres  from  this  layer  can  be  followed  into  the 
border  zone.  In  the  middle  of  this  layer  a region  (/)  is  found,  which 
appeal's  in  preparations  made  according  to  Weigert’s  method  as  a dark 
band,  the  number  of  interlacing  fibres  being  very  great,  and  the  feltwork 
close.  This  layer  corresponds  to  the  outer  stripe  of  Baillarger  (plexus 
intemus,  intermediate  layer,  or  Gennari’s  stripe). 

In  the  area  marked  j,  which  corresponds  partly  to  the  fourth  and 
partly  to  the  fifth  layer  of  the  cortex,  the  radial  fibres  are  not  only  close- 
set  and  conspicuous,  but  the  bundles  contain  more  thick  fibres  than  they  do 
further  outwards. 

In  the  middle  of  the  fourth  layer  the  network  of  fibres  again  becomes 
closer,  making  a second  dark  band,  h,  which  corresponds  to  Baillarger’s 
inner  stripe  (external  or  intra-cortical  association-layer) ; it  is  narrower  and 
less  marked  than  the  baud  /. 

We  have  already  seen  in  carmine  preparations  that  the  fibres  which 
radiate  outwards  from  the  medullary  centre  occupy  the  greater  part  of 
layer  5. 

The  layer  marked  i,  therefore,  corresponds  to  the  deepest  part  of  the 
fourth,  and  the  whole  of  the  fifth  layer. 

Edinger  gives  the  name  of  ‘ inter-radial  nerve-web  ’ (‘  Flechtwerk  ’)  to  the 
feltwork  of  fibres  below  Baillarger’s  outer  stripe,  on  account  of  the 
numerous  radial  bundles  which  traverse  it.  He  proposes  the  term  ‘ super- 
radial  nerve-web  ’ as  a suitable  designation  for  the  upper  layers. 

Schwalbe  agrees,  on  the  whole,  with  Edinger  in  recognising  two  chief 
zones,  of  which  the  inner  comprises  the  bundles  of  radiating  fibres,  while 
in  the  outer,  which  is  of  about  the  same  thickness,  the  bundles  quickly  fall 
to  pieces.  Baillarger’s  outer  stripe,  / (fig.  1 97),  about  forms  the  boundary 
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between  the  two,  which  lies,  therefore,  in  the  middle  of  the  third  layer, 
not,  as  often  stated,  in  tiro  line  between  the  second  and  third  layers. 

The  method  of  impregnating  with 
silver  or  sublimate  gives  ns  a much  clearer 
insight  into  many  points  connected  with 


the  structure  of  the  cortex  of  the  great 
brain. 

We  will  now  begin  by  examining  the 
different  elements  of  the  cortex  cerebri  as 
exhibited  by  means  of  impregnation  with 
metals,  and  proceed,  by  combining  them, 
to  give  a picture  of  the  organ. 

I.  Nerve-Cells.  (a.)  Pyramidal 
Cells  (figs.  198  and  199,  1 , 2,  3).— 
These  are  characteristic  of  the  cortex  of 
the  great  brain,  and  far  outnumber  the 
other  nerve-cells  found  there  ; we  will 
therefore  give  them  the  first  place. 

In  the  majority  of  pyramids  the 
axis-cylinder  process  (figs.  198,  a , 199,  x) 
is  easy  to  recognise.  It  almost  always 
starts  from  the  base  of  the  pyramid,  often 
from  a lateral  basal  protoplasmic  process, 
and  courses,  as  a fine  black  thread,  fairly 
straight  downwards  into  the  medullary 
substance.  If  the  pyramidal  cell  lies  at  the 
apex  of  a convolution,  the  axis-cylinder 
process  continues  in  its  original  direction  ; 
but  if  at  the  side,  it  bends  round  at  nearly 
a right  angle  in  the  medullary  substance. 
It  gives  off  a number  of  collaterals  at 
right  angles,  especially  in  the  first  part 
of  its  course.  These  run  horizontally  for 
awhile,  and  soon  break  up  into  terminal 
ramifications.  The  axis-cylinder  process 
frequently  divides  in  the  medullary  sub- 
stance into  two  branches,  which  are  said 
to  continue  their  course  in  opposite  direc- 
tions. 

The  behaviour  of  the  dendrites  is  vari- 
able, as  has  already  been  observed.  Those 
which  start  from  the  base  of  the  pyramid 
(lateral  basal  processes),  or  from  the  side 
of  the  cell-body,  run,  for  the  most  part, 
horizontally,  forking  repeatedly  as  they 
proceed.  Their  terminal  branches  sometimes  extend  a long  way. 
Kolliker  draws  attention  to  the  fact  that  some  of  these  basal  processes, 


Fig.  197. — Cortex  cerebri  (frontal 
lobe).  Weigert’s  colouring.  Magn. 
50. — P,  Pia  mater;  1-6,  Mey- 
nert’s  five  layers ; a,  layer  of 
superficial  gleia  ; b,  layer  of 
tangential  medullated  fibres ; 
c,  deeper  part  of  the  molecular 
layer ; d,  network  of  fibres  in 
the  layer  of  small  pyramids ; e, 
outer  part  of  the  third  layer  ; /, 
external  stripe  of  Baillarger  ; g, 
fibre-network  of  the  third  and 
fourth  layers  ; h,  internal  stripe 
of  Baillarger  ; i,  deepest  part  of 
the  fourth  and  fifth  layers  ; k, 
medullary  centre. 
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notably  those  which  course  obliquely,  are  remarkable  for  their  great 
length. 

The  apical  process  (fig.  198,  s),  which  originates  by  the  gradual 
attenuation  of  the  cell-body  and  courses  perpendicularly  to  the  surface, 
gives  off,  on  the  contrary,  only  fine  side-branches'  at  first,  at  right  angles 
to  its  course,  and  does  not  divide  until  it  reaches  the  border  between  the 
layer  of  small  cells  and  the  molecular  layer.  In  the  latter  it  usually 
divides  several  times,  all  the  branches,  however,  retaining,  on  the  whole, 
the  perpendicular  direction.  Not  till  they  reach  the  outermost  parts  of 


Fig.  198. — Two  pyramidal  cells  from  the  cortex  cerebri  of  a new-born  puppy.  Silver 
colouring. — a,  Axis-cylinder  process  ; c,  collateral ; s,  apical  process.  The  other 
protoplasm  processes  are  not  lettered. 

the  molecular  layer  do  they  bend  round  and  take  a tangential  course, 
parallel  to  the  surface.  It  is  hardly  possible  to  tell,  with  certainty,  where 
they  end. 

In  many  preparations  the  molecular  layer  presents  an  almost  impene- 
trable striation  from  the  enormous  number  of  apical  processes  which  divide 
in  it. 

In  embryos  and  quite  young  animals  especially,  the  dendrites  of  the 
pyramidal  cells  look  as  if  thickly  set  with  fine  prickles  or  granules.  This 
hoarfrost-like  investment  helps  us  to  distinguish  the  dendrites  from  the 
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axis-cylinder  process,  but  it  is  still  very  doubtful  whether  it  really  belongs 
to  the  tissue  of  the  process,  or  merely  settles  upon  it  from  without. 

[These  ‘ thorns  ’ are  not  limited  to  young  animals.  They  occur  at  all 
ages.  The  fact  that  they  are  most  conspicuous  in  young  cells  in  which 
the  soft  neuroplasm  which  attracts  the  silver  salt  is  relatively  more 
abundant  than  in  old  cells  is  a confirmation  of  the  translator's  theory, 
that  thorns  are  the  portions  of  the  non-staining,  conducting  fibrils  along 


Fig.  199. — Semidiagrammatic  representation  of  the  cortex  cerebri  after  impregna- 
tion with  silver. — gl,  Gleia-layer  ; I,  molecular  layer  ; II,  layer  of  small  pyramidal 
cells  ; III,  layer  of  large  pyramidal  cells  ; IV,  layer  of  polymorphous  nerve-cells 
(fourth  and  fifth  layers  of  Meyncrt) ; m,  medullary  layer ; 1,  2,  3,  various  pyra- 
midal cells  ; 4,  5,  uppermost  cells  of  the  small-celled  layer  ; 6,  polymorphous  cell  ; 
7,  a Martinotti’s  cell  ; S,  a Golgi’s  cell  ; 9,  small  nerve-cell  from  the  molecular 
layer  ; 10,  a Cajal’s  cell  ; 11,  ascending  nerve-fibre  from  the  medulla ; 12,  13, 
gleia-cells'  of  the  cortex  ; l/h  15,  glcia-cells  of  the  gleia-layer.  The  axis-cylinder 
processes  of  nerve-cclls  are  marked  with  a cross,  X. 

which  an  outflow  of  cell-plasm  has  occurred  (vide  ante,  p.  155).  the 
great  success  of  the  chrome-silver  method  when  applied  to  embryonic  or 
young  tissues  confirms  the  view  that  the  reaction  affects  some  constituents 
of  the  cell-plasm  and  not  the  conducting  fibrils.] 

The  above  description  applies  to  most  pyramidal  cells,  but  in  the  case 
of  many  of  the  small  pyramidal  cells  in  the  outer  part  of  the  seoond  layei 
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(4,  5)  we  meet  with  an  apparent  exception.  In  these  the  division  of  the 
apical  process  takes  place  close  to  the  cell,  sometimes  at  the  very  outset, 
and  the  shape  thus  produced  may  bear  but  little  resemblance  to  a pyramid. 
We  shall  find  others  (fig.  197,  4,  5)  in  which  the  apex  of  the  cell-body 
itself  is  cleft,  and  two  separate  apical  processes  course  toward  the  surfaco 
(colluhc  bicornes). 

The  axis-cylinder  processes  of  the  largest  pyramidal  cells  aro  often 
conspicuously  thicker  than  the  rest. 

( b .)  Other  kinds  of  Nerve-Cells  in  the  Cortex  Cerebri. — In  all 
except  the  topmost  layers  we  find,  besides  single  pyramidal  cells,  round, 
triangular,  or  fusiform  nerve-cells,  known  as  polymorphous  cells  (6).  These 
also  send  their  axis-cylinder  processes  down  to  the  medullary  layer,  while 
the  dendrites  turn,  for  the  most  part,  outwards,  dividing  frequently  as 
they  proceed,  but  never  reaching  the  molecular  layer.  Single  dendrites 
occasionally  course  down  to  the  medullary  layer. 

Martinotti  has  described  triangular  or  spindle-shaped  cells  (7)  which 
occur  sometimes  among  the  pyramids,  but  more  usually  in  the  deeper 
layers.  The  axis-cylinder  processes  of  these  cells  course  outwards,  and  bend 
round  in  a horizontal  direction  in  the  outermost  parts  of  the  molecular  layer. 

Cells  of  Golgi’s  second  type,  or  Golgi’s  cells  (p.  149,  fig.  591,  are  also 
found  in  the  brain  cortex  (8). 

In  the  molecular  layer,  too,  we  meet  with  isolated  nerve-cells,  usually 
small  and  irregular,  with  the  axis-cylinder  process  directed  towards  the  sur- 
face, where  it  probably  takes  a horizontal  course  (fig.  199,  9).  These  known 
as  Cajal’s  cells  (10)  have  aroused  a special  interest.  They  usually  lie  in  the 
deeper  parts  of  the  molecular  layer,  and  exhibit  marked  peculiarities. 
The  cell-body  is  triangular  or  spindle-shaped ; a protoplasmic  process  goes 
off  from  either  side,  and  runs  for  some  distance.  It  sends  a number  of 
little  lateral  branches  to  the  periphery,  and  finally  bends  round  in  the 
same  direction. 

In  most  cases  a delicate  fibre  takes  rise  from  the  point  where  the  proto- 
plasmic processes  bend  round,  and  proceeds  in  the  same  direction,  also 
giving  off  collateral  branches  towards  the  surface.  This  is  supposed  to  be 
the  axis-cylinder  process.  Since  other  supernumerary  axis-cylinder  pro- 
cesses sometimes  start  from  the  protoplasmic  processes  ; these  Cajal’s  cells 
seem  to  possess  as  many  as  three  or  four. 

These  peculiar  and  (as  it  seems)  imperfectly-understood  cells  have 
hitherto  only  been  found  in  the  brains  of  young  animals  and  of  embryos 
(human  as  well  as  animal).  Their  presence  in  the  brain-cortex  of  adults 
must  therefore  be  regarded  as  very  questionable,  although  some  of  the  cells 
of  the  molecular  layer  are  certainly  nervous  in  character. 

2.  Nerve-Fibres,  (a.)  Radial  fibres. — These  are  either  axis- 
cylinder  processes  of  the  pyramidal  and  polymorphous  cells,  and  conse- 
quently conduct  corticofugally,  or  they  represent  fibres  which  ascend  from 
the  medullary  layer,  give  off  a number  of  collaterals  in  their  passage 
through  the  cortex,  and,  for  the  most  part,  extend  to  and  break  up  in  the 
molecular  layer  (fig.  199,  11).  These  latter  are  corticopetal  fibres. 
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With  regard  to  the  first  kind,  there  is  nothing  to  add  to  what  has 
already  been  said ; the  second  kind  take  rise  from  remote  cells  to  which 
it  is  impossible  to  trace  them  back.  They  may  come  from  tho  cells  of  the 
cortex  on  the  same  side,  or  (through  the  corpus  callosum)  from  those  of  the 
opposite  side,  or  from  the  cells  of  deeper-lying  grey  masses. 

(b.)  Tangential  and  Oblique  Fibres. — These  are  densest  in  the 
zonal  layer,  Baillarger’s  stripe,  and  the  external  association-layer. 

The  zonal  layer  merits  special  attention.  Here  we  find  nervous  fibres 
which  must  be  looked  on  partly  as  mcdullated,  partly  as  non-medullated 
fibres,  and,  finally,  as  the  outspread  branches  of  dendrites.  The  medul- 
lated  fibres  either  originate  from  the  axis-cylinder  processes  of  Martinotti’s 
cells  (7),  or  belong  to  fibres  which  ascend  from  the  medullary  substance 
(11)  and  end  here.  The  cells  of  the  molecular  layer  may  also  be  of 
some  importance  in  this  connection.  The  terminal  branches  of  all  these 
fibres  are  destitute  of  myelin.  A very  great  number  of  the  interwoven 
fibres  of  the  zonal  layer  are,  however,  the  dendrites  of  pyramidal  cells, 
which  here  bend  round  horizontally. 

Baillarger’s  stripe  is  largely  composed  of  collaterals  of  the  axis-cylinder 
processes  of  pyramidal  cells. 

The  medullated  fibres  of  the  external  association-layer  can  with  diffi- 
culty be  traced  back  to  their  source.  It  is  likely  that  we  have  here  to  do 
with  association-fibres,  many  of  which  either  start  from  or  enter  into  con- 
nection with  the  polymorphous  cells  of  the  deepest  layer. 

(c.)  Gleia-Cells. — These  (12)  are  found  in  great  numbers  in  all 
parts  of  the  cortex,  and  give  off  processes  in  every  direction.  Some- 
times, especially  in  the  deeper  layers,  we  meet  with  cells  of  this  class 
which  send  two  particularly  rich  tufts  in  opposite  directions,  to  the  centre 
and  to  the  periphery  (13). 

On  the  very  surface  of  the  brain-cortex,  above  the  zonal  layer,  is  a 
stratum  of  peculiar  gleia-cells,  from  which  thick  tufts  of  gleia-fibres  pass 
perpendicularly  down  into  the  molecular  layer  (1J),  15),  while  other  fibres 
go  off  horizontally,  and  form  a superficial  plexus  of  gleia. 

A superficial  cortical  layer  of  closely  interwoven  gleia-fibres,  varying 
in  breadth  from  3 to  30  /x,  can  be  specially  well  exhibited  in  the  cortex  of 
the  great  brain.  It  becomes  broader  in  advanced  age,  and  the  individual 
fibres  grow  coarser.  Their  course  in  the  cortical  layer  is  variable,  but,  on 
the  whole,  obliquely  tangential.  From  this  layer  masses  of  fibres  stream 
inwards,  usually  taking  an  obliquely  radial  course,  and  can  often  be 
followed  to  the  lower  border  of  the  layer  of  small  cells.  In  the  deeper 
layers  of  the  cortex  Weigert  found  neurogleia  only  in  single  fibrils,  often 
separated  by  wide  intervals.  In  the  medullary  substance,  on  the  contrary, 
a rich  network  of  neurogleia  is  again  present. 


Although  the  investigation  of  the  structure  of  the  cortex  of  the  great 
brain  is  by  no  means  complete,  and  although,  in  particular,  many  of  the 
facts  already  known  cannot  be  demonstrated  in  the  case  of  adult  Man,  we 
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i\re  nevertheless  in  a position  to  form  an  opinion  on  the  main  points,  at 
least,  of  the  meaning  of  the  various  elements  we  meet  with  in  it. 

The  loading  part  must  unquestionably  be  assigned  to  the  pyramidal 
cells.  From  them  impulses  start,  some  to  the  periphery,  some  to  the 
other  grey  masses,  and  some  to  other  regions  of  the  cortex.  [Or,  as  the 
translator  would  prefer  to  express  it,  through  them  impulses  are  reflected 
into  efferent  channels  ; the  large  size  of  the  cell  being  merely  an  indication 
that  it  is  responsible  for  the  nutrition  of  an  extensive  fibre-system,  and 
no  proof,  from  the  point  of  view  of  function,  that  the  largest  pyramid 
is  any  more  important  than  the  smallest  granule.]  By  the  division  of 
the  axis-cylinder  process  and  the  collaterals  it  gives  off,  one  and  the  same 
cell  is  enabled  to  conduct  the  impulses  conveyed  to  it  in  various 
directions. 

The  agents  of  the  transference  of  impulses  to  the  cells  must  probably 
be  sought,  in  the  first  place,  in  the  ascending  fibres  (11)  which  break  up 
and  terminate  in  the  cortex.  A place  of  great  importance  in  this  connec- 
tion is  probably  occupied  by  the  molecular  layer,  and,  more  especially,  the 
zonal  layer,  in  which  we  must  look  for  the  terminal  branches  of  the  apical 
processes.  Ca/lcja  has  shown  that  this  relation  exists  in  the  case  of  the 
olfactory  cortex  (c/.  p.  334). 


The  cortex  does  not  present  exactly  the  same  structure  in  all  parts. 
In  some  parts  the  difference  affects  the  number  and  size  of  the  elements 
only ; in  other  places  the  deviation  from  the  type-form  which  we  have 
described  is  due  to  an  arrest  of  development  (tractus  olfactorius,  septum 
pellucidum),  or  to  a striking  alteration  in  arrangement  (cortex  of  cornu 
Ammonis). 

There  can  be  no  doubt  that  the  differences  in  structure  are  associated 
with  differences  in  function.  Anatomical  considerations,  therefore,  lead 
to  the  conclusion  that  all  regions  of  the  cortex  are  not  functionally  equiva- 
lent. 

It  is  the  exception  t»'  find  sudden  breaks  in  structure  ; as  a rule,  one 
formation  passes  gradually  into  another,  at  least,  in  Man  and  the  higher 
animals.  In  lower  animals  (the  rabbit,  for  example)  the  cortical  regions 
which  differ  in  structure  are  sharply  marked  off  from  each  other  ( Bevan 
Letois). 

If  we  move  forward  from  the  part  of  the  brain  which  we  have  just 
been  describing,  namely,  the  frontal  lobe  near  to  the  central  fissure, 
we  encounter  no  real  change  in  structure,  although  as  we  approach  the 
frontal  pole  the  largo  pyramids  become  smaller.  In  the  anterior  central 
convolution  some  of  these  cells  are  of  remarkable  size.  The  zonal  layer 
increases  in  breadth  at  the  same  time. 

The  higher  we  mount  towards  the  great  longitudinal  fissure  on  the 
central  convolutions  the  larger  do  we  find  these  cells  to  be ; they  reach 
their  maximum  size  (65  /x)  in  the  lobulus  paracentralis,  where  they 
deserve  the  name  of  ‘ giant  pyramids  ’ given  to  them  by  Betz.  The  third 
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layer  also  increases  in  thickness  pari  passu  with  the  increaso  in  size  of 
the  cells.  In  the  posterior  central  convolution  large  cells  are  only 
found  near  the  longitudinal  fissure  and  in  the  margin  of  the  convolution 
where  it  adjoins  tho  fissure  of  Rolando. 

Some  points  must  be  referred  to  in  regard  to  the  giant  pyramids. 
They  are  usually  plump  in  form,  not  distinctly  pyramidal  ; in  size  they 
greatly  overtop  tho  other  cells,  transitional  cells  being  hardly  present ; 
thoy  are  usually  arranged  in  small  groups  or  nests  of  two  to  five,  many  of 
the  largest  being  embedded  in  the  layer  of  small  irregular  cells.  Accord- 
ing to  Betz,  axis-cylinders  of  striking  thickness  are  found  beneath  tho 
giant  cells,  and  he  supposes  that  one  runs  out  from  the  base  of  each  of 
them.  Bevan  Lewis  thought  that  the  large  pyramids  were  arranged  in  larger 
groups,  corresponding  to  the  motor  areas  of  the  cortex. 

[The  minute  structure  of  the  area  of  the  cortex,  stimulation  of  which 
produces  movements  of  the  muscles,  is  not  sufficiently  different  from  the 
structure  of  the  rest  of  the  cortex  to  allow  us  to  believe  that  there  is  any 
such  distinction  in  function  between  the  two  as  would  justify  the  appella- 
tions ‘ motor  ’ and  ‘ sensory  ’ areas.  The  histologist,  as  far  as  he  is  able 
to  draw  conclusions  as  to  function  from  his  observations  of  structure, 
is  bound  to  say  that  the  grey  matter  all  over  the  great  brain  contains 
elements  suitable  for  receiving  the  terminations  of  afferent,  and  forming 
the  starting-points  (trophic  centres)  of  efferent  fibres.  Small  cells  (granules) 
and  full-bodied  cells  (pyramids)  are  everywhere  present.  The  differences 
between  the  several  regions  depend  upon  the  number  and  distribution 
of  the  former  rather  than  upon  the  size  of  the  latter.  The  pyramids 
found  in  the  limb-  and  trunk-areas  are  larger  than  those  occurring  else- 
where. If  it  be  true  that,  other  things  being  equal,  the  size  of  a cell 
varies  as  the  length  of  the  fibre  over  the  nutrition  of  which  it  presides, 
the  differences  in  size  of  the  pyramids  of  the  cortex  may  be  explained 
by  remembering  that  in  the  area  just  mentioned  the  pyramids  are  tho 
starting-points  of  long  fibres  which  traverse  the  spinal  cord  ; while  the 
fibres  which  go  to  the  muscles  of  the  face,  eye,  ear,  etc.,  are  much  shorter. 

Tn  the  occipital  cortex,  especially  of  the  cat  and  some  other  animals, 
very  large  pyramids  occur  at  intervals.  They  strongly  suggest  that 
afferent  visual  impulses  originate  direct  cortical  messages  for  the  limbs 
rather  than  indirect  messages  transmitted  vid  the  ‘motor  area.’] 

The  part  of  the  occipital  cortex  about  the  fissura  calcarina  presents 
striking  peculiarities  of  structure,  evident  even  in  a fresh  brain  when 
examined  by  the  naked  eye.  In  the  midst  of  the  grey  substance  we 
see  (in  the  human  brain)  a sharply-defined  white  stripe,  Gennari’s  or 
Vicq  d’Azyr’s  stripe  (ruban  de  Vicq  d’Azyr),  which  is  analogous  to 
Baillarger’s  (outer)  stripe  in  other  regions  of  the  cortex. 

Meynert  distinguished  eight  layers  in  this  part  of  the  cortex.  The 
distinction  is,  however,  somewhat  forced  in  the  cross-section,  and  con- 
sequently more  recent  observers  do  not  adhere  to  his  eight-layered 
type. 

The  molecular  layer  is  somewhat  thinner  than  in  other  parts  of  the 
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brain  surface,  but  very  rich  in  fine  tangential  fibres,  and  a great  many 
Cajal’s  cells  are  said  to  occur  in  it.  The  cells  of  the  second  layer  are 
present  in  great  abundance.  They  deviate  widely  from  the  pyramidal 
type,  especially  in  the  upper  layers,  and  hence  Ramon  y Cajal  assumes 
the  existence  of  a distinct  layer  of  vertical  spindle-cells.  These  cells  have 
one  protoplasmic  process  directed  outwards,  similar  in  •behaviour  to  the 
apical  processes  of  other  small  pyramidal  cells,  and  another  which  courses 
downwards  without  dividing  until  it  reaches  the  neighbourhood  of 
Gennari’s  stripe,  and  there  gives  off  a descending  axis-cylinder  process. 

Ramim  y CajaVs  observations  on  this  subject  were  made  on  the  brains 
of  small  mammals,  and  the  results  must,  therefore,  not  bo  transferred, 
as  a matter  of  course,  to  the  human  brain  ; the  less  so  as  any  attempt 
to  homologise  the  cortical  regions  in  animals  and  in  Man  must  be  made 
with  the  greatest  caution. 

About  the  border  between  the  large  and  small  pyramidal  cells  the  inter- 
weaving of  nerve-fibres  is  remarkably  close,  giving  rise  to  the  appearance 
of  Gennari’s  stripe.  A little  below  it  (or  sometimes  a little  above)  the 
pyramids  increase  slowly  in  size,  much  more  slowly  than  in  the  frontal 
lobe,  for  example.  On  the  other  hand,  in  the  deepest  parts  of  this  layer, 
and  below  it,  pyramids  of  remarkable  size  are  found  singly  (Meynert's 
solitary  cells),  or  in  groups.  Numerous  polymorphous  cells  lie  in  the 
deepest  layer,  which  was  subdivided  by  Meynert  into  several  layers. 
Flechsig  finds  a structure  precisely  similar,  though  less  pronounced,  in  the 
gyrus  temporalis  superior. 

The  gyrus  fornicatus  does  not  throughout  its  whole  course  represent 
the  real  border  of  the  cortex,  but  leads  up  to  it  both  in  the  portion  (gyrus 
cinguli)  which  lies  above  the  corpus  callosum  and  farther  on  in  the  gyrus 
hippocampi  (subiculum  cornu  Ammonis). 

The  cortex  of  the  gyrus  cinguli  is  about  3 mm.  broad  on  its 
peripheral  side  (fig.  195),  but  it  narrows  as  it  approaches  the  corpus 
callosum  to  about  1 mm.  ; finally,  where  it  rests  upon  the  corpus 
callosum,  the  sulcus  corporis  callosi  (or,  as  it  has  also  been  termed, 
ventriculus  corporis  callosi,  Sabatier’s  ventricle,  arcuate  fissure)  inter- 
vening, the  cortex  mantle  appears  to  be  sharply  cut  off.  As  a matter  of 
fact  it  is  continued  medianwards  over  the  surface  of  the  corpus  callosum 
as  a very  thin  layer  (20  to  30  g thick),  the  indusium  griseum  corporis 
callosi,  Jgr,  which  rises  into  a ridge  0'3  to  10  mm.  high,  Stlm  (stria 
longitudinalis  medialis,  nervus  Lancisii).  The  most  lateral  part  of  the 
indusium,  usually  a little  thickened,  is  designated  the  ligamentum  tectum 
(stria  longitudinalis  externa  sen  lateralis  seu  obtecta). 

The  cortex  of  the  gyrus  cinguli  presents  nothing  characteristic  in  its 
first  two  layers.  The  third  layer  contains  for  about  its  outer  half  only 
small  pyramids  ; in  its  inner  half  pyramids  almost  all  of  the  same  medium 
size  (about  25  to  30  y).  They  lie,  for  the  most  part,  at  the  bottom  of  the 
third  layer  where  it  adjoins  the  fourth  ; so  that  between  them  and  the 
small  pyramids  is  situated  an  intervening  layer,  with  few  cells,  distinctly 
striated  by  the  traversing  apical  processes  of  the  large  pyramids  (stratum 
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radiatnm).  Next  comes  the  layer  of  the  small  irregular  cells,  not 
distinctly  arranged  in  columns ; and,  lastly,  an  inconspicuous  fifth  layer. 
Tho  narrowing  of  the  cortex  occurs  principally  at  tho  expense  of  the 
third  layer,  tho  largor  pyramids  becoming  more  and  more  scarce  and 
finally  disappearing.  By  tho  timo  the  fibres  of  the  corpus  callosum  break 
through  it,  the  second  and  fourth  layers  of  tho  cortex  aro  already  fused 
together. 

Compared  with  other  convolutions,  the  gyrus  cinguli  is  remarkably  poor 
in  nerve-fibres  ; the  plexus  externus  is  broader,  but  less  close  than  in 
other  parts  of  the  brain  cortex  ; and  in  the  deeper  layers  also  the  nerve- 
fibres  are  more  loosely  interwoven  ( Greppin ). 

Single  nerve-cells  of  small  size  can  be  found  occasionally  in  the 
ligamentum  tectum.  They  are  met  with  in  larger  numbers  in  the  stria 
longitudinalis  medialis.  In  this  band  a deeper  layer  of  grey  substance 
containing  small  irregular  nerve-cells  and  a peripheral  layer  rich  in 
modullated  nerve-fibres,  representing  the  tangential  border-zone,  may  be 
distinguished ; the  stria  owes  its  white  colour  to  the  latter,  that  is  to  say  to 
the  longitudinal  fibres  which  course  beneath  the  actual  grey  layer,  and 
constitute  the  medullary  centre  of  this  rudimentary  part  of  the  cortex. 

Thus  we  see  that  we  have  to  look  for  the  real  edge  of  the  cortex- 
mantle  in  the  stria  longitudinalis  medialis,  with  the  fascia  dentata  (outer 
arcuate  convolution).  In  front  the  stria  longitudinalis  medialis  passes 
over  into  the  mesial  frontal  convolution  (c/.  fig.  1G0)  and  the  pedunculus 
septi  pellucidi  ; behind,  it  passes  not  only  into  the  fascia  dentata  cornu 
Ammonis,  but  also  into  the  white  layer  which  we  have  already  met  with 
under  the  name  substantia  reticularis  Arnoldi. 

In  many  respects,  but  especially  as  regards  its  third  layer,  the  cortex 
of  the  subiculum  cornu  Ammonis  has  an  obvious  likeness  to  that  of  the 
gyrus  cinguli.  We  will  discuss  the  subiculum  in  connection  with  the 
cornu  Ammonis  itself,  up  to  which  it  leads. 

The  parietal  lobe  or  region  lying  behind  the  posterior  central  con- 
volution is  characterised  by  a thickly-packed  layer  of  small  pyramidal 
cells,  which  is  intercalated  between  the  third  and  fourth  layers  (Bevan 
Lewis).  These  cells  must  not  be  confounded  with  the  small  variously- 
shaped  cells  of  the  deeper  layers. 

The  cortex  of  the  convolutions  of  the  island  of  Reil  does  not 
depart  from  the  ordinary  type  ( Herbert  C.  Major).  Mondino  drew  atten- 
tion to  the  spindle-cells  which  lie  in  it,  especially  in  the  depths  of  the 
sulcus  marginalis  posterior  insulae,  and  send  out  richly-branching  dendrites 
which  run  parallel  to  the  surface  and  form  a sharply-defined  boundary 
between  the  grey  cortex  and  the  medullary  substance.  Meynert  is  of  opinion 
that  the  claustrum  ought  to  be  included  with  the  cortex,  since  it  contains 
fusiform  cells,  which  correspond  in  form  and  size  with  the  cells  of  the 
usual  fifth  layer  (‘claustral  formation’);  they  are  disposed,  for  the 
most  part,  parallel  with  the  surface.  These  fusiform  cells  are  found 
chiefly  in  the  marginal  parts  of  the  claustrum  ; in  the  inner  layers  cells 
of  various  shapes,  all  approximating  more  or  less  to  the  pyramidal  type, 
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preponderate.  For  this  reason,  more  recent  observers  have  rejected 
MeyneH’s  theory.  Mondino  sees  in  the  claustmm  merely  the  continuation 
and  end  of  the  cortex  of  the  temporal  pole,  which  here  extends  into  the 
medullary  substance.  Between  the  claustrum  and  cortex  proper  lies  a 
layer  of  white  fibres  (lamina  fossa;  Sylvii),  which  is  thin  beneath  the 
fissures,  broad  under  the  summits  of  the  convolutions. 

In  the  nucleus  amygdaleus,  which  lies  beneath  the  uncus,  the 
same  colls  are  to  be  found  as  in  the  cortex.  The  majority  of  the  scattered 
irregular  nerve-cells  found  here  approximate  to  the  pyramids  in  shape, 
and  it  is  beyond  question  that  in  the  nucleus  amygdaleus  we  have  a 
modified  and  thickened  portion  of  the  temporal  cortex.  I have  already 
pointed  out  that  this  region  is  probably  connected  with  the  olfactory 
nerve  ; although  Mondino  and  others  deny  the  existence  of  any  connec- 
tion between  the  tractus  olfactorius  and  nucleus  amygdaleus.  [The  nucleus 
amygdaleus  is  directly  continuous  with  the  claustrum.] 

To  Hammaberg  we  owe  the  most  exact  comparison  of  the  number, 
size,  and  disposition  of  the  nerve-cells  in  the  various  parts  of  the  cortex  ; 
the  variations  of  behaviour  among  the  nerve-fibres  of  different  cortical 
regions  can  be  best  studied  in  the  works  of  Kaes. 

We  have  still  to  mention  three  regions  in  which  the  structure  is 
obviously  peculiar. 

(1)  We  have  already  given  an  account  of  the  atrophied  cortex  of  the 

tractus  olfactorius  (p.  330). 

(2)  The  septum  pellucidum  is  that  part  of  the  wall  of  the  cerebral 
vesicle  which  was  cut  off  from  the  general  surface  by  the  development 
of  the  corpus  callosum.  It  is  of  scarcely  any  importance  functionally, 
and  in  structure  is  also  exceedingly  rudimentary.  Sometimes  the  septum 
pellucidum,  together  with  the  ventriculus  septi,  extends  as  far  back  as 
to  the  splenium,  completely  separating  the  fornix  and  corpus  callosum. 
In  early  stages  of  development  this  arrangement  is  the  rule. 

The  part  of  the  lamina  septi,  which  looks  into  the  ventriculus  septi 
pellucidi,  corresponds  with  the  free  surface  of  the  cortex.  It  is  not,  like 
the  real  ventricle  walls,  covered  with  epithelium,  but  by  a distinct,  although 
thin,  superficial  layer  rich  in  medullated  nerve-fibres,  corresponding  to  the 
tangential  border-zone.  Next  to  this  comes  a grey  layer  containing  a good 
many  nerve-cells.  Nearer  to  the  fifth  ventricle  the  cells  are  distinctly 
pyramidal,  and  provided  with  an  apical  process  directed  medianwards — i.e., 
towards  the  surface,  corresponding  to  the  free  surface  of  the  rest  of  the 
cortex.  In  the  deeper  layer  the  cells  are  irregular.  Towards  the  lateral 
ventricle  the  septum  presents  a layer  of  medullated  fibres,  covered  with 
the  usual  ventricular  ependyma.  The  spaces  in  the  septum  for  vessels 
are  most  of  them  remarkably  wide.  Often  the  lamina  septi  is  not  so 
well  developed  as  this,  and  the  distinction  of  the  several  layers  is  then 
very  difficult.  In  many  animals  the  septum  pellucidum  is  far  less  reduced 
than  in  Man,  and  a larger  number  of  better-developed  cells  can  be 
distinguished  in  it.  Sometimes  the  two  lamina;  grow  together  so  closely 
as  to  prevent  the  formation  of  the  ventriculus  septi  pellucidi.  This 
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is  the  case  in  the  mouse,  rabbit,  pig,  cat,  and  dog  ; in  the  calf,  sheep,  and 
horse,  the  conditions  are  the  same  as  in  Man. 

(3)  The  cortex  cornu  Ammonis.  We  have  already  explained  how 
as  we  advance  into  the  lateral  ventricle  through  the  sulcus  hippocampi 
we  come  across  the  following  structures,  each  placed  longitudinally : — 
Subiculum  cornu  Ammonis  (gyrus  hippocampi),  fascia  dentata,  fimbria, 
and  then  the  proper  cornu  Ammonis,  lastly  the  unimportant  eminentia 
collateralis  Meckelii. 

[While  above  the  corpus  callosum  the  margin  of  the  cortex  (where 
it  is  pierced  by  the  corpus  callosum  and  by  the  crura  cerebri  coming  up  to 
the  great  brain  from  the  brain-stem)  is  thick,  blunt,  and  uniform  (except 
for  its  prolongation  as  the  indusium),  the  continuation  of  the  margin 
where  it  bounds  the  ‘ porta  ’ on  the  lower  side  is  peculiarly  disposed. 
Almost  as  soon  as  the  margin  of  the  cortex  passes  over  the  corpus  callosum, 
it  becomes  considerably  thinner  and  folds  upon  itself,  first  outwards  and 
then  inwards  again.  It  is  this  thin  folded  edge  of  the  cortex  which 
constitutes  the  cornu  Ammonis  (hippocampus).  The  extreme  edge  of 
the  mantle  is  again  thickened  into  a ridge  and  received  into  a special 
sheath  of  grey  matter,  the  fascia  dentata.  The  internal  white  lining  of 
the  hemisphere  where  it  meets  the  external  grey  covering  is  also  thickened 
into  a ridge,  the  fimbria.] 

The  part  of  the  gyrus  hippocampi,  which  adjoins  the  gyrus  occipito- 
temporalis  lateralis,  shows  a cortex  structure  deviating  but  little  from 
the  ordinary  type.  But  as  soon  as  the  convexity  of  the  gyrus  hippo- 
campi is  reached,  changes  make  their  appearance,  which  become  more 
conspicuous  as  the  fascia  dentata  is  approached,  and  are  the  precuisors 
of  the  proper  cornu  Ammonis  (figs.  196,  200,  and  201). 

The  molecular  layer  is  very  much  broader ; the  increase  in  thickness 
being  due  chiefly  to  a great  development  of  the  peripheral  medullary  zone 
(lamina  mcdullaris  externa,  Lme,  fig.  200).  The  thickening  is  not  uniform  , 
the  superficial  layer  of  medullated  fibres  forms  a succession  oi  prominent 
ridges  projecting  into  the  cortex,  with  valleys  between  (fig.  196).  This 
varying  thickness  of  the  medullary  covering  is  the  cause  of  the  easdy 
recognisable  reticulated  white  marking  of  the  region  in  many  fresh  brains. 
The  superficial  fibres  run  ‘ tangentially  ’ as  in  other  parts  of  the  cortex,  and 
are  therefore  exposed  in  length  in  transverse  sections.  The  chief  mass  of 
the  medullated  fibres,  upon  which  the  considerable  thickening  of  the 
layer  depends,  is  disposed  horizontally  from  before  backwards. 

* From  the  superficial  medullary  layer,  especially  from  its  eminences, 
a rain  of  medullated  fibres  pours  into  the  more  deeply-lying  medullary 
substance. 

The  nerve-cells  are  not  arranged  in  a symmetrical  sheet  in  the  layer 
of  small  pyramids ; rather  do  they  form  a chain  of  lulls,  each  resting 
with  its  base  upon  the  deeper  part  of  the  cortex,  while  its  apex  is  received 
into  one  of  the  valleys  of  the  superficial  layer.  From  this  description  it 
follows  that  a real  molecular  layer  hardly  exists,  for  it  is  almost  entirely 
occupied  by  longitudinal  medullated  fibres, 
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Cells  of  the  smaller  sort,  transitional  between  the  second  and  third 
layers,  are  almost  entirely  wanting  in  the  third  layer,  just  as  in  the 
gyrus  cinguli.  It  contains  hardly  any  but  large  pyramids  with  very 
conspicuous  long  apical  processes.  The  largest  pyramids  in  the  deepest  part 

of  the  stratum  are  about  40  in  length. 

The  radial  bundles  of  medullary  ttbres  already  mentioned  run 
parallel  with  the  apical  processes  throughout  the  whole  layer  (stratum 
radiatum),  and,  combined  with  the  lack  of  any  large  number  of  cell- 
elements,  give  it  a striking  radial  striation.  Besides  these,  however, 
many  longitudinal  libres,  some  coarse,  others  fine,  which  run  in  the 
direction  of  the  convolution,  are  cut  across  in  this  layer  lhey  gi'e  a 
curious  spotted  appearance  to  the  section,  visible  even  in  carmine 
preparations.  The  fourth  and  fifth  layers  are  fused  into  a thin  sheet 
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Fig.  200.— Transverse  section  through  the  cornu  Ammonis.  Pal's  staining.  Magn.  4. — 
H,  Gyrus  hippocampi ; oti,  fissura  occipito-temporalis  inferior  ; Fsi,  fissura  subiculi 
interna ; Lme,  lamina  medullaris  externa  ; Ftl,  fascia  dentata  ; Fi,  fimbria  ; Vli, 
descending  horn  of  lateral  ventricle  ; Stmm,  stratum  medullare  medium  ; Lmi, 
lamina  medullaris  interna ; Alv,  alveus ; Sto,  stratum  oriens ; Slgr,  stratum 
granulosum  ; Hfd,  hilum  fascia;  dentata;. 

which  contains,  almost  exclusively,  small  irregular  cells  embedded  in  a close 
network  of  nerve-fibres  which  twist  about  in  the  most  varied  directions, 
but  lie  (especially  as  the  medullary  centre  is  approached)  longitudinally  for 
the  most  part. 

The  cornu  Ammonis  proper  may  be  considered  to  commence  at  the 
place  where  the  vascular  pia  mater  grows  to  the  cortex  of  the  subiculum. 
Whilst  the  subiculum  presents,  as  seen  in  cross-section,  an  arch  of  cortex 
with  its  convexity  towards  the  middle  line,  the  cornu  Ammonis  is  joined  to 
it  as  an  arch  with  its  convexity  directed  outwards  into  the  inferior  horn  of 
the  lateral  ventricle,  Vli. 

In  the  cornu  Ammonis,  in  preparations  made  according  to  Weigert’s 
method,  a three-fold  layer  of  medullary  fibres  is  shown. 

The  lamina  medullaris  extenia  splits  into  two  ; one  of  these  layers 
is  simply  the  superficial  medullary  layer  of  the  cortex  remarkablv 
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thickened,  Lmi  (nuclear  layer,  lamina  medullaris  involuta).  Its  fibres  run 
in  the  plane  of  the  section  when  cut  transversely.  The  other  layer  derived 
from  the  lamina  medullaris  externa  of  the  subiculnm  is  also  rich  in 
medullatcd  fibres,  St  mm  (stratum  medullare  medium).  It  lies  parallel  to 
the  nuclear  layer,  but  its  nerve-fibres  run  for  the  most  part  obliquely  or 
longitudinally  from  before  backwards. 

The  third  layer  of  the  cornu  Ammonis,  Alv  (alveus),  covers  the 
surface  which  is  directed  towards  the  inferior  cornu  of  the  ventricle.  It 
is  the  continuation  of  the  central  white  matter  of  the  subiculnm  thinned 
out  to  cover  the  cornu  Ammonis. 

The  alveus  proper  consists  of  bundles  of  fibres  closely  packed  together 
and  interwoven  in  a complicated  manner.  On  its  deep  surface,  towards 
the  cortex  of  the  cornu  Ammonis,  that  is  to  say,  the  alveus  is  resolved  into 
a layer  of  fibres  not  united  into  bundles,  but  running  principally  in  arches 
parallel  to  the  curvature  of  the  cornu  Ammonis  (stratum  oriens  of  Meynert). 

In  the  transition  from  the  subiculum  to  the  cornu  Ammonis  the 
nerve-cells  behave  as  follows : — The  hills  of  small  pyramids  become  fewer 
and  lower,  and  at  last  these  cells  of  the  second  layer  disappear ; as  the 
smaller  cells  are  lost  the  large  pyramids  retire  to  the  deepest  stratum  only 
of  the  third  layer  [where  they  constitute  a uniform  bheet,  little  more  than 
one  cell  thick] ; the  fourth  and  fifth  layers  of  cells  disappear  almost 
completely. 

The  following  layers  are  now  to  be  distinguished  in  the  cornu 
Ammonis  (fig.  201)  : — 

(1)  Nuclear  layer,  Lmi — this  layer  is  separated  from  the  fascia  dentata  for 
a short  distance  by  the  fold  of  pia  mater ; farther  on  the  two  layers  fuse  to- 
gether. Fusiform  cells  are  to  be  found  scattered  amongst  the  nerve-fibres. 
This  medullary  layer  is  homologous  with  the  zonal  tangential  layer. 

(2)  The  stratum  moleculare,  Stm,  reaches  to  the  stratum  medullare 
medium,  and  is  constituted  like  the  layer  of  the  same  name  in  the  typical 
cortex. 

(3)  Stratum  lacunosum,  St  l (stratum  reticulare  seu  medullare 
medium),  may  be  supposed  from  its  position  to  correspond  with  the 
layer  of  small  pyramids.  Its  tissue  is  singularly  loose ; a good 
number  of  capillary  vessels,  made  more  conspicuous  by  the  large 
spaces  in  which  they  lie,  make  an  obvious  network.  The  behaviour 
of  the  numerous  medullary  fibres  in  this  region  has  already  been 
described.  A few  small  irregular  nerve-cells  are  also  found  in  this 
layer. 

(4)  Stratum  radiatum,  Str.  The  apical  processes  of  the  large 
pyramids  of  the  next  layer  produce  a marked  striation  of  this  stratum, 
which  is  the  more  distinct  owing  to  the  almost  complete  absence  of  cells. 
It  represents  the  outer  part  of  the  layer  of  large  cells  in  the  cortex,  in 
which,  however,  the  pyramidal  cells  are  wanting. 

(5)  Stratum  cellularum  pyramidalium,  Stp,  is  made  up  of  large 
pyramids  of  almost  uniform  size  (40  ;u)  in  close  order. 

((5)  Stratum  oriens,  Sto ; scattered  fusiform  cells,  representatives  of 
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the  cells  of  the  fifth  layer  of  the  cortex,  lie  amongst  the  medullated 
fibres. 

(7)  Alveus,  Alv , the  actual  medullary  centre  of  the  cornu  Ammonia. 

(8)  Towards  the  ventricle  the  alveus  is  covered  by  a rather  thick 
ependyma,  E,  with  the  usual  form  of  epithelium. 

On  to  the  convexity  of  the  cornu  Ammonia  two  terminal  structures 
arc  fixed  (fig.  200),  the  one,  the  fimbria,  composed  entirely  of  medullated 
fibres  with  thick  gleial  septa ; the  other,  the  fascia  dentata,  made  up  for 
the  most  part  of  grey  matter. 

Fimbria,  Fi  (bandelette  de  la  voute),  is  in  immediate  connection 
with  the  alveus  proper ; it  consists  of  thick  bundles  of  longitudinal 
fibres  [and  passes  into  the  posterior  pillar  of  the  fornix]. 

Fascia  dentata,  Fd  (toothed  ridge,  corps  god  round),  represents  the 
real  edge  of  the  cortex  [from  which  it  is  so  sharply  defined,  and  differs  so 
much  in  structure,  that  it  may  be  supposed  to  be  a kind  of  grey  matter 
not  elsewhere  present  in  the  cortex,  but  added  to  its  margin  in  this 
situation].  It  squeezes  itself  into  the  concavity  of  the  cornu  Ammonis, 
with  which  in  some  places  it  grows  together,  as  described  above. 

The  fascia  dentata  is  a much-modified  part  of  the  cortex.  Where  it  is 
embedded  in  the  curve  of  the  cornu  Ammonis  and  unites  with  it,  the 
superficial  layers  of  these  two  portions  of  cortex  are  in  contact  (cf.  figs. 
200  and  201);  a circumstance  which  may  at  first  add  a difficulty  to  the 
full  understanding  of  this  region. 

Here  (fig.  201)  we  find  two  kinds  of  nerve  cells : — (1)  A narrow  layer 
parallel  with  the  surface  of  the  fascia  dentata,  St'jr  (stratum  granulosum 
seu  corporum  nervorum  arctorum),  made  up  of  closely-packed  cells  of  a 
rounded  angular  or  pyramidal  shape ; as  a rule,  the  nuclei  are  surrounded 
by  so  little  protoplasm  that  they  might  be  considered  as  ‘granules.’ 
Hardly  any  ground-substance  is  left  between  these  cells.  The  arch  formed 
by  this  layer  as  seen  in  transverse  sections  is  open  towards  the  fimbria  at 
the  ‘hilum.’ 

(2)  The  second  kind  of  nerve-cells  which  we  meet  with  in  the  fascia 
dentata,  correspond  to  the  large  pyramids  of  the  cornu  Ammonis ; 
they  are  dispersed  with  an  irregular  stratification  throughout  the  whole 
of  the  space  enclosed  by  the  stratum  granulosum. 

The  fascia  dentata  shows  the  following  layers,  therefore  : — 

(1)  A distinct  superficial  sheet  of  medullated  fibres  (stratum  mar- 
ginale),  the  continuation  of  the  nuclear  layer,  but  far  thinner  than  the 
latter.  This  layer  is  not  distinct  in  carmine  preparations,  especially 
when  but  slightly  magnified;  it  is,  therefore,  not  represented  in  fig.  201  ; 
it  should  be  looked  for  at  the  spot  where  the  lamina  medullaris  interna 
and  the  cornu  Ammonis  grow  together. 

(2)  Stratum  moleculare,  Stmf. 

(3)  Stratum  granulosum,  Stgr. 

(4)  The  nucleus  fasciae  dentata),  Stpf  (layer  of  pyramidal  cells).  The 
cells,  as  well  as  the  arched  fibres  of  the  stratum  oriens,  enter  through 
the  hilum  and  scatter  in  all  directions.  [They  are  continuous  with  the 
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shccb  of  pyramidal  cells  of  the  subiculum  cornu  Ammonis,  and  belong 
therefore  to  the  ordinary  cortex  rather  than  to  the  fascia  dentata.] 

The  fascia  dentata  is  so  unlike  other  parts  of  the  cortex  in  structure 
that  it  is  difficult  to  homologise  the  several  layers.  The  superficial 
medulla  would  roughly  correspond  to  the  zonal  layer  in  the  typical  cortex  ; 
the  stratum  granulosum  to  the  layers  of  small  and  large  pyramids ; the 
deeper  layers  would  be  wanting ; while  the  large  pyramids  of  the  nucleus 
would  have  to  be  regarded  as  cells  insinuated  from  the  cornu  Ammonis. 
Hill  is  therefore  of  opinion  that  the  fascia  dentata  should  not  be  looked 
upon  as  the  final  margin  of  the  cortex,  but  that  we  should  see  in  it  a 
peculiar  kind  of  grey  substance,  not  found  elsewhere,  and  here  added  on 
to  the  free  edge  of  the  cortex,  which,  as  the  so-called  nucleus  fasciae 
dentata),  rolls  over,  to  be  received  by  the  reversed  fold  of  fascia.  [The 
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Fig.  201. — Cortex  of  the  cornu  Ammonis  and  a part  of  the  fascia  dentata.  Magn.  20. — 
CAm,  Cornu  Ammonis  ; Fd,  fascia  dentata ; Vli,  inferior  horn  of  the  lateral 
ventricle  ; E , ependyma  ; Alv,  alveus  ; Sto,  stratum  oriens  ; S/p,  stratum  cellul. 
pyramid. ; Str,  stratum  radiatum  ; Stl,  stratum  lacunosum  ; Sim,  stratum  mole- 
culare  ; Lmi,  lamina  medullaris  interna  ; Stmf,  stratum  moloculare  fascia)  dentata) ; 
St(jr,  stratum  granulosum  ; Stpf,  stratum  of  pyramids  beneath  the  fascia  dentata. 


fact  that  the  fascia  dentata  varies  directly  in  amount  with  the  olfactory 
apparatus  seems  to  point  to  its  being  the  fore-brain  end  of  the  organ, 
which,  at  its  anterior  extremity,  constitutes  the  olfactory  bulb.  The 
translator  has  shown  that  in  the  cetacea  in  which  the  olfactory  bulb  is 
absent  the  fascia  dentata  also  is  totally  absent.] 

Farther  forwards  the  fimbria  grows  progressively  smaller ; on  the 
other  hand,  the  fascia  dentata  enlarges  and  sinks  at  last  into  the  uncus. 

As  soon  as  the  digitations  proper  of  the  cornu  Ammonis  appear  we 
have  to  deal  with  an  undulating  curved  sheet  of  cortex,  covered  on 
its  surface  by  the  medullary  layer  known  as  the  alveus.  The  fascia 
dentata,  which  is  always  recognised  by  the  quite  characteristic  stratum 
granulosum,  pushes  itself  on  the  under  side  of  the  cornu  Ammonis  into 
the  front  part  of  the  fissure  hippocampi.  Behind,  the  fascia  dentata 
becomes  progressively  thinner,  until  finally  it  passes  round  the  splenium 
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corporis  callosi  as  the  fasciola  cinerea,  by  which  it  is  continued  into  its 
atrophied  supra-callosal  portion,  the  stria  longitudinalis  medialis.  Below 
and  in  front  it  emerges  from  the  fissure  beneath  the  uncus  and  crosses  the 
uncus  to  its  ventricular  border  as  the  fasciola  unci  (band  of  Giacomini). 

In  nearly  all  mammals  the  cornu  Ammonis  is  relatively  larger  than  in 
Man.  It  can  be  followed  far  forwards,  in  connection  with  the  fornix, 
above  the  optic  thalamus  and  beneath  the  corpus  callosum.  Hence 
result  various  histological  differences,  into  which  we  cannot  enter  now. 

In  the  foregoing  description  of  the  cornu  Ammonis  we  have  confined 
ourselves  to  such  facts  as  can  be  learnt  from  the  methods  of  carmine 
and  medullary-sheath  staining.  But  here,  as  elsewhere,  the  method  of 
impregnating  with  metals  has  revealed  many  new  and  important  details. 
By  means  of  it  wo  perceive  that  the  part  which  lies  nearest  to  the 
subiculum,  the  region  hippocampique  of  Dejenne , region  superieure  of 
Cajal,  differs  widely  in  structure  from  that  which  extends  to  the  fascia 
dentata,  region  godronnee  of  Dejeriiie,  region  inferieure  of  Cajal. 

The  best-known  cells  of  this  region  are  the  large  pyramidal  cells  of 


Fig.  202.— Two  double  pyramids  from  the  cornu  Ammonis  of  a mouse.  Silver  im- 
pregnation.—Lmi,  Lamina  medullaris  interna:  Stm,  stratum  moleculare ; Sir 
stratum  radiatum  ; Stp,  layer  of  large  pyramidal  colls  ; Sto,  stratum  oriens  • Ah’ 
alveus.  * 

the  fifth  layer  (fig.  202).  In  the  regio  hippocampica  they  are  sometimes 
shaped  more  like  a broad  spindle  than  a pyramid,  and  are  provided  with 
two  kinds  of  protoplasmic  processes.  The  basal  processes,  or  descending 
dendrites,  form  an  extraordinarily  rich  close  tuft,  which  passes  down  into 
the  stratum  oriens  ; the  apical  process,  or  ascending  dendrite,  gives  off 
lateral  branches  in  the  stratum  radiatum,  and  likewise  breaks  up  into  a 
tuft  of  branches,  most  of  which  extend  upwards  as  far  as  the  molecular 
layer.  The  axis-cylinder  process,  after  giving  off  some  collaterals,  reaches 
the  alveus,  which  it  helps  to  constitute. 
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These  peculiar  cells  exhibit  a striking  likeness  to  the  double  pyramids 
in  the  cortex  of  the  lobus  pyriformis. 

In  the  part  of  the  cornu  Ammonis  which  approaches  the  fascia  dcntata, 
these  pyramids  behave  somewhat  differently.  The  cells  arc  larger,  the 
tults  ol  dendrites  shorter  and  thicker,  and  the  axis-cylinder  process  enters 
the  fimbria.  Near  the  cell  it  is  said  to  give  off  a very  large  collateral, 
which  takes  a backward  and  upward  course  to  the  stratum  lacunosum,  and 
there  acquires  a myelin-sheath  in  the  mesial  medullary  layer  (Schaffer). 

The  other  cell-forms  which  we  know  in  the  cortex  also  occur  in  the 
cornu  Ammonis,  but  in  much  smaller  numbers. 

Ihe  conditions  in  the  fascia  dcntata  are  quite  peculiar,  and  stand  in 
need  of  further  investigation. 

Many  writers  suppose  that  the  small  cells  of  the  stratum  granulosum 
arc  modified  pyramidal  cells,  although  they  differ  from  the  latter  in  almost 
every  particular. 

Lhey  possess  a number  of  dendrites,  which  go  off’  from  the  ccll-bodv 
towards  the  surface  (away  from  the  hilum) ; and  an  axis-cylinder  process 
which  is  said  to  pass  out  through  the  hilum,  giving  off  some  collaterals  in 
its  course,  and  to  proceed  horizontally  in  the  pyramidal  layer  of  the  cornu 
Ammonis  (region  godronnee).  A prickly,  rosette-like  growth  is  said  to  be 
visible  at  intervals  along  the  course  of  these  fibres  (with  these  moss-fibres 
rf.  the  moss-fibres  of  the  cerebellum,  p.  -101  and  fig.  182).  By  means  of 
these  prickles  they  are  said  to  attach  themselves  to  excrescences,  varicose 
swellings,  etc.,  in  the  large  pyramids  and  their  dendrites. 

In  the  nucleus  of  the  fascia  dcntata,  besides  the  large  cells  which 
represent  the  last  dispersed  pyramids  of  the  cornu  Ammonis,  we  meet 
with  other  scattered  cells,  which  may  correspond  to  the  various  other 
forms  of  cells  in  the  cortex. 

The  type-structure  of  the  cortex  mantle,  as  pictured  above,  can  be 
recognised  with  slight  modifications  through  the  whole  of  the  mam- 
malian series.  The  relative  number  of  nerve-cells,  their  size,  and  the 
thickness  of  the  layers  which  contain  them,  are  variable.  On  the 
whole,  the  size  of  the  nerve-cells  varies  as  the  size  of  the  animal.  In 
Man,  the  molecular  layer  is  relatively  thin ; the  cortex  showing  a 
greater  wealth  of  nerve-cells  proportional  to  the  increased  dignity  of 
this  organ  (Meynert). 

In  most  mammals  certain  local  differences  in  the  structure  of  the  cortex 
can  be  exhibited ; from  a comparison  of  these  with  similar  variations  in 
the  human  brain,  we  may  conclude  that  the  parts  are  functionally 
equivalent. 

In  lower  mammals  the  cortex  cells  are  distinguished  from  those  of  Man 
by  a difference  in  internal  structure.  This  difference  in  constitution  is 
exhibited  in  their  behaviour  towards  hardening  fluids  in  a way  which  is 
not  noticed  with  other  parts  of  the  central  nervous  system,  or  noticed  to  a 
much  smaller  extent.  If,  for  example,  small  pieces  of  the  cortex  of  some 
rodent  animal  are  prepared  by  hardening  in  potassic  bichromate,  it  is 
found  on  examination  that  in  place  of  many  of  the  pyramidal  cells  the 
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sections  exhibit  rounded  spaces  communicating  with  the  characteristic 
radiating  channels.  Cell-nuclei  surrounded  by  irregular,  indistinctly- 
defined  finely-granular  protoplasm  lie  in  these  spaces.  The  difference  from 
the  human  type  depends  upon  post-mortem  changes,  indicating  a difference 
in  the  chemical  constitution  of  the  cells.  We  find  that  the  cell  has  come 
to  grief  although  the  brain  was  placed  in  the  hardening  fluid  while 
absolutely  fresh,  whereas  in  the  case  of  the  human  brain  such  appearances 
are  much  more  rare,  although  we  must  always  wait  until  disintegrative 
changes  have  set  in  before  we  can  harden  it. 

Similar  spaces  are  seen  in  imperfectly  hardened  human  brains  and  in 
various  pathological  conditions. 

In  all  animals  the  cells  of  the  cortex  are  almost  completely  devoid  of 
pigment. 

In  the  lower  classes  of  vertebrates  the  cortex  departs  widely  from 
the  human  type  ; a description  of  the  differences  would  be  out  of  place  in 
this  book. 

It  is  worth  noting  that  in  the  case  of  fishes  and  most  amphibious 
animals  the  existence  of  a peripheral  layer  of  cells  which  can  be  regarded 
as  a brain-cortex  is,  to  say  the  least  of  it,  very  doubtful.  An  indubitable 
cortex  is  first  met  with  in  reptiles,  as  are  also  the  medullated  fibres  of  the 
corona  radiata  (EtUnger).  Philogenetically,  the  first  portion  of  cortex  to 
appear  is  the  cortex  of  the  cornu  Ammouis,  which  is  homologous  with 
the  olfactory  cortex ; and  the  higher  we  ascend  in  the  scale  the  more  do 
the  other  cortical  regions  preponderate  over  it. 

The  cortex  cerebri  of  tbe  human  embryo  exhibits  numerous  round 
nuclei  (formerly  called  ‘ gleia-nuclei  ’)  which  represent  the  rudiments  of 
the  later  developed  cell-elements. 

The  nuclei  are  arranged  in  successive  layers  ( Lubimoff  counted  six 
layers  in  a five  months  foetus),  which  in  section  give  the  appearance 
of  a series  of  bands,  lighter  and  darker  according  to  the  quantity  of 
nuclei.  In  the  deeper  layers  the  nuclei  are  arranged  in  columns, 
between  which  spaces  are  left  for  the  passage  of  the  as  yet  non- 
medullated  fibres. 

Ihc  first  pyramidal  cells  are  to  be  seen  in  the  tenth  week  of  intra- 
uterine life  ( V ignal) ; for  the  development  of  the  pyramidal  cells  of  the 
cortex  (see  p.  15.1  and  fig.  61).  At  birth  they  are  very  numerous  and  well 
formed  in  the  deeper  layers  (Lemos  ; S.  Fuchs  says  in  the  upper  layers 
also) ; as  are  also  the  giant-cells. 

About  the  same  time  the  first  medullated  fibres  make  their  appearance 
in  the  radiating  bundles  of  the  posterior  central  convolution.  Medullated 
fibres  arc  found  in  the  superficial  tangential  layers  in  the  fourth  month  ; 
although  the  other  layers  of  the  cortex  are  joined  to  this,  the  formation 
m them  of  medullated  fibres  seems  to  be  completed  not  earlier  than 
the  seventh  or  eighth  year.  It  may  be  asserted  that,  as  a general 
rule,  the  fibres  first  myelinated  are  those  which  are  subsequently  the 
thickest. 
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BLOOD-VESSELS  OF  THE  GREAT  BRAIN. 

Wc  will  only  briefly  mention  here  the  manner  of  division  of  the 
finer  blood-vessels  within  the  cerebrum.  The  course  of  the  larger  vessels 
and  their  arrangement,  especially  on  the  basis  cerebri,  will  be  learnt 
later  on. 

It  must  be  accepted  as  a law  for  the  cerebrum,  as  for  other  parts  of 
the  central  nervous  system,  that  the  richer  any  region  is  in  nerve-cells 
the  closer  is  the  capillary  network  which  supplies  it.  We  still  need 
more  exact  accounts  of  the  course  of  the  vessels  in  many  parts  of  the 
brain. 

The  application  of  the  law  just  formulated  may  be  observed  in  the 
cortex  cerebri  (tig.  203).  Arteries  and  veins  descend  vertically  from  the 


Fig.  203. — Injected  cortex  cerebri  of  the  dog.  Magn.  25. — 1,  The  fuw-celled  layci  ; 
2,  region  of  pyramids  ; 3 , the  internal  (deeper)  stratum  of  the  cortex  ; white 
substance. 


pia  mater.  The  larger  ones  give  off  relatively  wide  lateral  branches,  and 
tra verse  the  cortex  to  reach  the  medullary  centre.  Ihe  smaller  ones  are 
used  up  in  the  cortex. 

In  the  cortex  at  least  three  kinds  of  capillary  network  can  be 
distinguished — 

(1)  In  the  molecular  layer  it  is  comparatively  wide-meshed,  1. 

(2)  A very  close  net-work  in  tho  neighbourhood  of  the  pyramidal  cells, 
2 , which  becomes  a little  looser  in 

(3)  The  deepest  cortical  layers,  3. 

The  capillary  network,  4,  of  the  medullary  substance  beneath  the  cortex 
is  very  open,  the  meshes  being  placed,  as  a rule,  with  their  long  axes 
parallel  to  the  surface. 

The  corpus  geniculatum  laterale,  the  corpus  subthalamicum,  and  the 
nuclei  of  the  nerves,  are  distinguished  from  other  grev  masses  by  their 
richness  in  capillary  vessels. 
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Many  anatomical  relations  are  not  clearly  appreciated,  except  in  injected 
preparations  ; for  example,  the  division  of  the  corpus  mammillare  into  two, 
in  the  dog, 


PATHOLOGICAL  CHANGES  IN  THE  GREAT  BRAIN. 

Those  life-processes  which,  in  contra-distinction  from  reflex  actions, 
occur  in  sight  of  consciousness,  require  for  their  normal  course  the  integrity 
of  a large  portion,  at  any  rate,  of  the  cortex.  In  all  diseases  in  which 
consciousness  is  dimmed  and  the  intellect  disturbed  for  more  than  a very 
short  time,  pathological  changes  may  be  looked  for  in  this  tissue,  without 
reference  to  the  question  of  the  seat  of  consciousness  ; but,  as  already 
explained,  many  of  these  changes  escape  our  notice  on  account  of  our 
ignorance  of  the  limits  of  variation  of  the  structural  appearances  in  health 
of  many  of  the  nervous  elements,  particularly  the  most  important  of  all — the 
nerve-cells. 

In  this  place  we  can  only  mention  the  most  important  pathological 
accidents  to  the  cortex  cerebri  which  have  as  yet  been  described. 

In  idiocy  we  are  prepared,  of  course,  to  find  very  conspicuous  changes 
in  the  structure  of  the  cortex.  An  abnormal  disposition  of  the  pyramidal 
cells  has  several  times  been  observed,  the  apical  process  being  turned 
sideways,  or  even  towards  the  medullary  substance  (Betz,  Roster). 
Hammaberg,  it  is  true,  attributes  these  alleged  peculiarities,  in  many  cases 
at  least,  to  defective  observation. 

According  to  the  last-named  author,  we  may  take  for  granted  that  in 
every  case  of  idiocy  the  normal  development  of  the  cortex  has  been  arrested 
at  a certain  stage.  As  a ride,  the  development  is  brought  to  a standstill 
only  in  a small  part  of  the  cortex,  though  it  is  seriously  impeded  in  the 
remainder.  In  such  brains  the  nerve-cells  remain,  to  some  extent,  in  the 
embryonic  condition.  A noticeable  feature  is  that  in  places  the  pyramidal 
cells  are  completely  wanting. 

The  following  changes  occur  in  senile  atrophy  according  to  Kostjunn : — 

(1)  Pigmentary  and  fatty  degeneration  of  many  nerve-cells,  perhaps 
vacuole-formation  also. 

(2)  Diminution  in  the  number  of  the  nerve-fibres  in  all  layers  of  the 
cortex. 

(3)  Atheroma  of  blood-vessels,  as  well  as  overgrowth  of  the  connective 
tissue  in  their  walls,  even  to  obliteration. 

(4)  Slight  thickening  of  the  gleia-tissue. 

(5)  Amyloid  bodies  in  the  periphery  of  the  cortex. 

The  cortex  behaves  somewhat  similarly  in  other  slow  atrophic  pro- 
cesses— e.g.,  chronic  simple  lunacy. 

After  the  loss  of  a limb  in  infancy,  either  by  amputation  or  the 
atrophy  consequent  upon  paralysis,  we  often  meet  with  changes  in  the 
motor  region  of  the  contra-lateral  hemisphere.  The  convolutions  involved 
appear  narrower,  and  there  is  a very  marked  decrease  in  the  number  of 
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nerve-cells  ( Sibut ).  Here  we  have  to  do,  of  course,  with  simple  atrophy 
from  loss  of  function. 

Congenital  deafness,  on  the  other  hand,  may  often  he  referred  to 
more  or  less  severe  atrophy  of  the  g}’ri  temporales  superiores  on  both 
sides.  Tn  such  easos  the  peripheral  auditory  nerves  and  the  central 
auditory  apparatus  seem  to  remain  intact  as  far  as  the  internal  corpus 
genioulatum  (cf.  p.  369). 

In  dementia  PARALYTICA  we  have  under  observation  a peculiar  form 
of  atrophy  of  the  brain.  In  spite  of  numerous  investigations  of  the 
subject,  two  views  concerning  the  genesis  of  the  process  still  stand  in 
sharp  antagonism.  According  to  the  opinion  of  a great  number  of 
observers,  we  have  here  to  do  with  a parenchymatous  process,  a primary 
destruction  of  the  nerve-cells,  and  then  of  the  medullated  fibres  of  the 
cortex.  As  a secondary  process,  perhaps,  an  overgrowth  of  gleia  takes 
place,  to  fill  in  the  vacant  spaces.  According  to  the  other  view,  the 
essential  process  is  a diffuse  primary  sclerosis  of  the  cortex,  which  leads 
to  atrophy.  It  makes  itself  felt  in  the  frontal  lobe  first.  The  sclerosis  is 
preceded  by  a condition  of  irritation  which  seems  to  justify  the  expression 
periencephalitis  chronica.  It  is  in  the  overgrowth  of  the  cells  belonging 
to  the  gleia  that  we  have  to  look  for  the  cause  of  the  sclerosis.  As  soon 
as  these  new  cells  occupy  so  much  space  as  to  surround  and  press  upon 
the  normal  nerve-tissue  cells,  the  latter  atrophy.  The  result  of  this 
process  is  seen  in  old-standing  cases,  not  only  in  the  degenei'ated  nerve- 
cells  (especially  fatty-pigmentous  degeneration,  sclerosis  of  the  cells,  and 
enlargement  of  the  pericellular  spaces),  but  also  in  the  remarkable 
diminution  in  the  quantity  of  medullated  fibres  ( Tuczek ).  This  disappear- 
ance of  medullated  fibres  advances  from  the  periphery  inwards  ; so  that,  as 
a rule,  the  outermost  layer  of  tangential  fibres  is  most  affected,  whereas  in 
senile  atrophy  the  decrease  in  the  number  of  fibres  affects  all  the  layers 
equally,  and  none  so  greatly  as  in  this  disease.  If  we  give  in  our  ad- 
herence to  the  theory  of  an  interstitial  disease  of  the  cortex,  this  is  most 
easily  explained  on  the  supposition  that  the  tangential  fibres  of  the  zonal 
layer  are  the  first  to  suffer  from  the  overgrowth  of  the  submeningeal  gleial 
stratum.  This  explanation  would  also  serve  for  the  growing  together  of 
the  cortex  and  the  meninges.  It  will  not  do  to  assume,  with  Wernicke, 
that  this  last  is  merely  a post-mortem  appearance,  for,  if  it  were  so,  we 
should  meet  with  the  same  condition  in  healthy  brains  under  the  same 
circumstances. 

The  actual  intra-cortical  medullated  fibres  come  to  grief  after  the  zonal 
fibres,  and  the  bundles  which  stream  in  radially  are  indirectly  affected. 
According  to  Tuczek,  the  convolutions  most  constantly  and  distinctly 
affected  are  those  on  the  orbital  surface  of  the  frontal  lobe,  especially 
on  the  side  of  the  great  longitudinal  fissure ; next  those  of  the  island 
of  Reil,  and  the  left  inferior  frontal  convolution.  The  other  frontal 
convolutions,  the  gyrus  fornicatus  and  the  superior  temporal  convolutions, 
are  likewise  often  diseased.  All  other  parts  of  the  cortex,  are,  it  is 
supposed,  affected  in  a less  degree  only,  or  not  at  all  (occipital  lobe, 
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lobulus  paracentralis).  The  diseased  nerve-fibres  appear  at  first  strongly 
varicose,  like  hypertrophied  fibres  broken  off  short  and  embedded  in  round 
granules  and  masses  of  detritus  ( Gre-jrpin ).  Hypertrophied  axis-cylinders 
are  also  found  in  the  brain-cortex  of  paralysed  persons  (Pick).  A decrease 
in  the  number  of  fibres  may  be  met  with  in  other  conditions  besides 
dementia  paralytica  and  senile  atrophy,  all  other  forms  of  dementia 
( KSraval ) and  long-standing  epilepsy  for  example  ( Zacher ). 

But  we  must  not  ignore  the  fact  that  by  reconciling  these  views,  and 
supposing  the  parenchymatous  process  to  go  hand  in  hand  with  a co- 
ordinated interstitial  process,  we  could  best  explain  the  character  of  these 
changes. 

It  would  be  a mistake,  however,  to  seek  for  the  anatomical  changes 
brought  about  in  dementia  paralytica  in  the  cortex  of  the  brain  alone. 
Apart  from  other  details,  I will  only  refer  to  the  noticeable  reduction  of 
the  fibres  in  the  medullary  substance  of  the  great  brain.  Certain  kinds 
of  fibres  are  apt  to  be  peculiarly  affected,  while  others  escape  more  or 
less  completely ; thus  in  diffuse  wasting  of  the  medulla  we  sometimes  find 
the  short  arcuate  bundle  quite  intact  ( Friedmann ).  Lissnuer  frequently 
observed  small  sclerotic  patches  in  the  thalamus  opticus.  Careful  exam- 
ination of  the  pathological  appearances  has  shown  that  the  cord  is 
always  diseased  in  dementia  paralytica. 

A series  of  cases  has  been  published  in  which  spaces,  or  veritable 
cysts,  have  been  found  within  the  cortex.  They  are  often  found  in 
the  brains  of  those  who  had  died  of  dementia  paralytica.  The  cause  of 
these  hollow  spaces  is,  perhaps,  not  identical  in  all  cases.  Very  often 
they  originate  in  connection  with  the  vessels,  being  enlargements  of 
the  perivascular  or  adventitial  spaces — that  is  to  say,  a circumscribed 
parenchymatous  inflammation  may  also  be  the  cause  of  the  decrease 
in  tissue.  In  the  latter  case  the  cortex  cerebri  appears  from  the  outside 
to  be  unevenly  atrophied ; on  making  sections  it  is  seen  to  be  cavernous, 
the  spaces  being  often  occupied,  especially  in  their  peripheral  part,  by  a 
loose  connective-tissue  network,  through  which  a few  well-preserved  nerve- 
fibres  still  course  ( J.  Hess).  Single  bundles  of  degenerated  fibres  are 
seen  deep  down  in  the  medullary  centre  in  situations  corresponding  to 
the  foci  of  cortical  disease  (fig.  204). 

Effusion  of  blood  into  the  great  brain  is  very  common ; capillary 
effusions  are  met  with  in  the  cortex.  These  may  be  so  numerous  and 
close  together  as  to  stain  an  extensive  cortical  area  reddish-brown. 
Several  forms  of  disease  of  the  intra-cerebral  vessels  lead  to  rupture. 
Alterations  in  the  muscular  coat  (fatty  and  granular  degeneration,  etc.) 
are  especially  important.  Rupture  is  also  due  to  alterations  of  the  intima, 
such  as  atheroma ; the  atheromatous  patches,  becoming  detached,  block 
vessels  further  on,  and  as  the  result  of  the  embolism  the  vessel  wall  is 
ruptured. 

Very  often,  but  not  always,  miliary  aneurysms  are  found  in  the 
tissue  surrounding  large  cerebral  apoplexies.  Every  effusion,  whether 
large  or  small,  spreads  out  in  the  direction  in  which  it  encounters  least 
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resistance.  All  apoplectic  lesions  are  transformed  eventually  into 
apoplectic  cysts  or  cicatrices. 

The  formation  of  now  vessels  of  the  finest  possible  calibre  is  asserted  to 
have  been  observed  in  cases  of  dementia  paralytica  (cf.  p.  183). 

Patches  of  disseminated  sclerosis  may  be  found  anywhere  in  the 
brain ; but  they  are  not  so  common  or  so  extensive  elsewhere  as  they 
are  in  the  walls  of  the  lateral  ventricles.  Somotimes  the  brownish 
gelatinous  degeneration  is  seen  to  surround  the  whole  ependyma  of 
the  ventricle  so  far  as  it  rests  on  white  substance.  They  are  less  common 
in  the  cortex  than  in  the  medullary  substance.  Histologically  their 
leading  characteristic  is  the  overgrowth  of  gleial  tissue.  Gowers  terms 
very  small  patches  of  sclerosis  which  are  arranged  in  the  deepest  layer 
of  the  cortex,  miliary  sclerosis. 

A very  peculiar  form  of  sclerosis  is  limited  to  the  cornu 
Ammonis,  in  which  this  structure  becomes  as  hard  as  cartilage  and 


Fig.  204. — Encephalitic  cysts  of  the  cortex  cerebri  with  secondary  degeneration 
of  the  white  substance.  Wciycrt’s  colouring.  Magn.  4. 

much  shrivelled.  This  form  of  sclerosis  is  almost  restricted  to 
epileptics;  it  is  present  in  more  than  half  of  all  the  cases  of  epilepsy 
( Pfleger) ; it  may  be  uni-  or  bilateral;  the  left  side  is  that  most  commonly 
affected.  An  examination  of  other  parts  of  the  cortex  of  epileptics  is  said 
frequently  to  reveal  slight  sclerosis  of  this  sort,  due  to  an  overgrowth  of 
gleia.  It  chiefly  affects  the  motor  region,  but  may  be  found  in  any  part 
of  the  cortex  cerebri  ( Chaslin ). 

A diffuse  sclerosis  of  the  brain  due,  in  part  at  any  rate,  to  over- 
growth of  the  interstitial  gleia-tissue  may  be  almost  equally  distributed 
over  the  two  hemispheres.  As  the  result  of  this  process  the  brain 
becomes  as  hard  as  leather  and  almost  like  cartilage  in  appearance. 
It  is  a rare  form  of  sclerosis ; occurring  most  often,  perhaps,  in  idiot 
children. 

Inflammatory  processes  in  the  brain  may  have  different  causes.  That 
form  of  encephalitis  which  leads  to  the  formation  of  abscesses  is  usually 
the  result  of  external  injuries  or  else  is  due  to  the  spread  oi  purulent 
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inflammation  from  surrounding  structures  (caries  of  the  temporal  bone 
especially).  Metastasis  of  abscesses  from  distant  organs,  and  especially 
from  gangrenous  disease  of  the  lung,  is  not  rare.  In  pyremia,  especially 
when  puerperal  ( Rokitansky ),  numerous  little  metastatic  abscesses  from 
the  size  of  a grain  of  hemp  up  to  that  of  a bean  are  occasionally 
formed.  Embolic  and  thrombotic  softenings  are  classed  with  the 
inflammatory  processes  in  the  brain.  The  various  kinds  of  bodies 
which  may  lead  to  embolism  of  the  arteries  of  the  brain  have  been 
already  enumerated  (p.  184).  In  certain  acute  infectious  diseases,  e.g., 
splenic  fever  and  variola  hsemorrhagica,  very  numerous  effusions  of 
blood  may  make  their  appearance  in  the  brain  substance  and  in  the 
pia  mater.  They  are  probably  caused  by  accumulation  of  the  infective 
medium  in  small  heaps  in  the  vessels,  resulting  in  embolism.  The  large 
vessels  which  lie  in  the  pia  mater  outside  the  brain-substance  proper, 
at  the  base,  and  elsewhere,  are  also  subject  to  embolism,  in  the  production 
of  which  other  causes  come  into  play.  The  emboli  for  the  larger  vessels 
come,  as  a rule,  from  the  left  side  of  the  heart  or  from  the  aorta. 

The  thrombus  is  usually  a patch  of  atheromatous  or  of  syphilitic 
inflammatory  substance  formed  in  the  intirna.  In  regions  in  the  brain 
in  which,  owing  to  occlusion  of  the  blood-vessels,  necrosis  of  nervous 
tissue  has  ensued,  very  numerous  capillary  hamiorrhages  often  occur 
(red  softening) ; later  on  the  blood  pigment  is  taken  up  by  innumerable 
fat-granule  cells  (yellow  softening).  Sometimes  no  colouring  of  the  lesion 
by  blood  pigment  is  noticeable  (white  softening) ; but  in  that  case  the  fat- 
granule  cells  are  more  or  less  crammed  with  the  remains  of  the  medullary 
investment  of  the  nerves.  Softened  patches  are  often  found  in  the  cortex 
as  the  result  of  meningitis  tuberculosa ; they  lie  beneath  much  diseased 
spots  in  the  pia  mater  and  often  stretch  into  the  medullary  substance. 

Tumours  of  the  brain  are  very  common;  sometimes  they  originate 
in  the  membranes,  sometimes  in  the  brain-substance.  Peculiar  to 
nervous  tissue  is  the  form  of  tumour  termed  glioma,  in  the  formation 
of  which  nerve-cells,  as  well  as  other  tissue  - elements,  probably  take 
part  (Flewchl,  Kleba).  Pure  glioma  is,  however,  rarer  in  the  brain 
than  mixed  forms.  Gummata  and  solitary  tubercles  are  very  frequent, 
so  too  are  sarcomata  of  the  most  varied  kinds ; cylindroma  is  less  common  ; 
melano-sarconmta  are  not  rarely  observed ; but  neither  carcinoma  nor 
sarcoma,  perhaps,  ever  has  a primary  origin  in  the  brain.  Myxomata 
have  been  repeatedly  seen ; so  have  osteomata.  Concretions  which  may 
occasionally  form  small  psammomata  are  not  rare  in  the  ventricular 
ependyma.  Metastatic  tumours  are  very  apt  to  develop  in  the  brain  after 
the  corresponding  disease  in  the  lungs. 

Cysticcrci  coming  out  from  the  pia  mater  often  in  great  numbers 
take  up  their  scat  in  the  cortex.  Free  cysticcrci  sometimes  occur  in  the 
ventricles  of  the  brain,  and  may  give  rise  to  hydrocephalus  interims,  or 
to  softening  or  granulation  of  the  ependyma.  Echinococcus-vesicles  and 
dermoid  cysts  are  very  rare. 
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The  clumps  of  grey  substance  which  are  sometimes  found  within 
the  medullary  centre  must  not  be  looked  upon  as  tumours  ; in  minute 
structure  they  resemble  the  neighbouring  grey  masses  or  the  cortex. 
They  arc  termed  heterotopes,  and  are  most  common  in  the  cerebellum. 
They  are  always  to  be  traced  to  abnormalities  in  development. 

To  study  properly  the  subtler  changes  which  the  nerve-cells  of  the 
brain-cortex  undergo  from  the  effects,  acute  or  chronic,  of  certain  nerve- 
poisons,  we  must  have  recourse  to  Nissl’s  method.  Some  of  these  forms 
of  degeneration  have  already  been  referred  to  in  the  account  of  pathological 
changes  in  the  nerve-cells  (p.  158  et  seq.).  In  examining  the  tissue  of  the 
human  brain  the  possibility  of  post-mortem  changes  must,  of  course,  be 
borne  in  mind.  Some  have  thought  that  by  the  silver-method  they 
could  detect  changes,  such  as  protoplasmatic  swelling  of  the  dendrites  in 
lissa  (Golgi)  or  alcoholic  poisoning  (Lloyd  Amlriezen,  Berkley)  ; but 
these  observations  have  been  confined,  for  the  most  part,  to  experimental 
intoxication  of  animals. 

Two  structures  which  are  met  with  attached  to  the  great  brain  may 
be  now  described,  the  conarium  and  hypophysis. 

(1.)  Conarium  (glandula  pinealis,  epiphysis  cerebri).  Its  connection 
with  the  brain  is  chiefly  effected  by  a bilateral  white  column  of  fibres, 
pedunculus  conarii.  Its  connections  with  the  posterior  commissure 
(and  so  with  the  oculomotor  nucleus  and  the  central  visual  apparatus) 
are  especially  important.  It  has  been  proved  that  the  pineal  gland  is 
a vestigial  structure  representing  an  unpaired  eye.  In  many  saurians, 
especially  in  Iguana  tuberculata  and  Hatteria  punctata,  an  organ  which 
corresponds  in  structure  with  an  eye  (parietal  or  pineal  eye)  is  found 
lying  beneath  a thin  plate  of  pigment-free  membrane  in  the  parietal 
region.  It  is  connected  by  means  of  a tract  of  nerve-fibres  with  the 
epiphysis.  This  tract,  which  is  homologous  with  the  optic  nerve, 
has  to  pass  through  an  opening  in  the  skull  (foramen  parietale)  con- 
spicuous by  its  great  size  in  most  fossil  amphibia.  This  arrangement 
can  be  clearly  recognised  in  our  native  lizard  (Lacerta  agilis). 

[The  fact  that  in  certain  reptiles  the  pineal  body  resembles  an  eye 
in  structure  was  noticed  by  v.  Graaf,  but  credit  is  due  to  Spencer  for 
appreciating  the  immense  value  of  this  discovery,  and  systematically 
examining  the  pineal  body  and  parietal  foramen  in  all  animals  in  which 
these  structures  show  traces  of  their  former  importance.  Spencer  dis- 
covered that,  although  there  is  no  reason  to  suppose  that  it  is  now 
functional  in  any  animal  (although  Hatteria  can  distinguish  light  from 
darkness  by'  its  means),  the  pineal  eye  when  best  developed  exhibits  a 
complicated  arrangement  of  bacillar  and  nervous  elements.  Nothing 
about  this  prehistoric  cyclopian  organ  is  more  interesting  than  the  fact 
that  the  rods  are  directed  inwards  towards  the  centre  of  the  eyeball  as 
in  invertebrates.  Gaskell  has  shown  that  the  size,  structure,  and  connec- 
tions of  the  ganglion  habenulae  in  the  lamprey  indicate  that  it  is  the 
proper  ganglion  (central  grey  matter)  of  the  pineal  eye.  . 

The  nearest  extinct  ancestors  of  the  saurians  in  which  the  pmea  eye 


CONARIUM. 


4fi7 


may  be  supposed  to  have  been  functional,  seem  to  have  been  the 
labyrinthodonts  which  flourished  during  the  time  when  the  coal  measures 
were  being  formed.] 

The  pineal  gland  receives  an  enveloping  capsule  from  the  pia  mater 
which  sends  vascular  sepiments  into  the  organ. 

In  sections  it  is  seen  to  consist  of  a rather  close  meshwork  of  connective- 
tissue  trabeculae.  Numerous  cells,  seldom  larger  than  20  p,  are  found  in 
the  alveoli.  According  to  Bizzozero  two  sorts  of  cells  are  to  be  dis- 
tinguished—one  of  rounded  form  with  two  or  three  rapidly  tapering 
processes  dividing  into  numerous  little  branches;  the  other  fusiform, 
with  sharper  and  more  irregular  contour;  these  latter  contain  yellow 
or  red-yellow  pigment-granules,  and  their  processes  are  more  distinct 
and  larger,  and  end  in  a fine  network.  In  the  pineal  gland  of  the  horse, 
pigment  is  present  in  great  abundance,  both  in  pigment-glands  and 
epithelial  cells  (Flesek). 

Many  of  the  cells  of  the  pineal  body,  however,  show  no  recognisable 
processes. 

A ei  \ e-fibres  are  found  almost  exclusively  in  the  most  anterior  parts 
of  the  organ ; nerve-cells  have  not  hitherto  been  definitely  distinguished. 
A peculiarly  close  interweaving  of  neurogleia  is  said  to  take  place  in  the 
inner  and  lower  division  ( Weujert). 

[In  the  pineal  glands  of  young  persons,  as  in  the  cerebral  part  of 
the  pituitary  body,  little  can  be  recognised  under  the  microscope  but 
a granular  basis  with  fairly  numerous  easily  stained  nuclei,  and  occasional 
irregular,  usually  coiled  yellowish  fibres.] 

In  the  adult  pineal  bodies,  concretions  of  phosphate  and  carbonate 
of  lime  (brain  sand,  acervulus)  are  often  found.  They  are  small  stratified 
bodies  arranged  in  nodules,  resembling  mulberries  in  form  ; the  nodules 
may  be  as  large  as  hemp-seeds.  Rod-like  and  club-shaped  or  branched 
pieces  of  calcified  connective  tissue  are  also  to  be  found  in  the  conarium. 
Ihese  concretions  seem  to  be  quite  wanting  in  animals,  although  in  the 
horse  they  may  be  replaced  by  very  fine  granules  of  phosphate  of  lime  (Faiwe). 

(-.)  Hypophysis  (glandula  pituitaria,  appendage  of  the  brain 
colatorium)  is  a body  about  as  large  as  a bean,  somewhat  less  in  its  sagittal 
than  in  its  frontal  diameter.  It  is  connected  with  the  rest  of  the  brain  bv 
the  infundibulum.  J 

A sagittal  section  shows  that  the  apparently  single  body  [is  invested 
with  a thick  capsule  of  dura  mater,  and]  is  composed  of  two  distinct 
diMsions;  the  anterior  lobe  (epithelial  portion,  hypophysis  proper)  is 
shaped  somewhat  like  a heart  and  is  larger  than  the  posterior  lobe 
(cerebral  portion,  lobus  mfundibuli,  conical  lobe),  which  is  spherical. 

T le  anterior  LOBE  is  composed  of  alveoli,  surrounded  by  connective- 
tissue  membranes,  and  containing  two  different  kinds  of  cells,  the  larger 
of  which  stain  more  strongly  with  hematoxylin  than  the  other  or  smaller 

kmd  ^M)  Numerous  wide  blood-vessels  with  extremely  delicate  walls 

run  between  the  gland-pits.  A number  of  these  gland-pits  creep  up  the 
anterior  wall  of  the  infundibulum  towards  the  base  of  the  brain. 
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A cleft,  concave  towards  the  back,  does  not,  as  might  be  supposed, 
separate  the  two  lobes  of  the  hypophysis,  but  falls  entirely  within  the 
epithelial  part.  It  is  not  constant  in  Man. 

Both  the  gland-follicles  and  the  blood-vessels  frequently  contain  colloid 
substance.  It  is  also  not  seldom  found  in  the  inter-follicular  connective 
tissue,  where  it  sometimes  forms  larger  colloid  cysts. 

The  spaces  in  the  connective  tissue  are  supposed  to  be  lymph-spaces 
( Pisenti  and  Viola).  It  is  also  asserted  that  an  increase  in  the  colloid 
masses  in  the  hypophysis  takes  place  in  struma. 

Fine  nerve-fibres,  belonging  to  the  sympathetic  nerve,  are  said  to  be 
present  in  this,  as  in  other  glandular  organs  (Berkley). 

[The  epithelial  character  of  the  cells  is  very  evident.  Their  round 
vesicular  nuclei,  firm  homogeneous  yellowish  cell-bodies,  often  vacuolated 
or  containing  droplets  of  fat,  and  destitute  of  cell-wall,  their  polyhedral 
shape  and  grouping  in  alveoli,  all  tell  of  their  origin,  and  recall  to  the 
histologist  other  organs  made  up  of  apparently  functionless  epithelial  cells, 
such  as  the  cortex  of  the  supra-renal  capsule,  corpora  lutea,  Ac.]  The 
anterior  lobe  is  formed  by  an  involution  of  the  mucous  membrane  of  the 
mouth,  and  is,  therefore,  homologous  with  the  buccal  glands. 

The  posterior  lobe  must  be  looked  upon  as  a veritable  part  of  the 
brain.  In  it  are  found  bundles  of  fibres  crossing  one  another  in  every 
direction  ; their  histological  nature  is  still  doubtful.  Most  of  these  fibres 
exhibit  elongated  fusiform  swellings  with  longish  nuclei,  which  gives  them 
an  appearance  not  unlike  smooth  muscle-fibres.  Besides  numbers  of 
small  cells,  scattered  large  pigmented  cells  are  met  with,  which  may 
certainly  be  looked  upon  as  nerve-cells,  as  is  more  plainly  shown  by  treat- 
ment with  silver.  Non-medullated  fibres  are  found  in  it,  but  no  medullated 
nerve-fibres.  In  the  cerebral  portions  the  vessels  are  less  numerous. 
Most  of  them  are  of  the  calibre  of  capillaries. 

Hypertrophy  and  tumours  of  the  hypophysis  (the  glandular  portion 
only)  bear  an  indubitable  relation  to  the  inception  of  acromegaly. 
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SECTION  VII.— THE  COVERINGS  OF  THE 
CENTRAL  NERVOUS  SYSTEM. 


The  whole  of  the  central  nervous  system  is  enveloped  with  a three-fold 
covering  of  fibrous  membrane. 

The  outermost  coat,  or  dura  mater,  D (fig.  205),  lies  within  the 
skull-case,  close  to  the  bone,  but  in  the  spinal  canal  [it  is  not  so 
intimately  united  to  the  surrounding  bones],  although  standing  at 
some  distance  away  from  the  spinal  cord.  The  innermost  layer  or 
pia  mater,  P,  clings  close  to  the  nerve-mass.  The  middle  coat,  or 


tig.  205. — Diagram  of  the  membranes  of  the  bruin. — Cr,  Cranial  hones  ; pd,  peridural 
space  ; D,  dura  mater  ; F,  falx  cerebri ; sd,  subdural  space  ; A,  arachnoid  ; sn, 
subarachnoidal  space  ; P,  pia  mater  ; ec,  epicerebral  space ; Cc,  cortex  cerebri ; M, 
white  matter  of  the  brain  ; Sis , sinus  longitudinalis  superior  ; Ps,  parasinoidal 
space  ; Q,  gland  ula  Pacchiona  ; V,  veins  of  the  pia  mater. 

arachnoidea,  A,  lies  everywhere  close  inside  the  dura  mater,  touching 
it  m many  places;  but  only  united  to  it  by  scanty  threads  of  con- 
nective tissue.  To  the  pia  mater,  from  which  'in  many  places  it  is 
separated  by  a considerable  space,  it  is  tied  by  a great  quantity  of 
connecting  plates  and  filaments  (subarachnoid  tissue),  especially  around 
the  brain.  So  abundant  are  the  connections  that  pia  and  arachnoid 
are  often  mistaken  for  a single  membrane. 

Two  spaces  are  confined  between  these  three  membranes;  the 
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SUBDURAL  AND  SUBARACHNOID  SPACES. 


subdural  space,  sd  (or  arachnoidal  sac),  between  dura  and  arachnoidea 
the  subarachnoid  space,  sa,  between  arachnoidea  and  pia  mater. 

Owing  to  the  close  proximity  of  the  arachnoid  and  the  dura,  the 
subdural  space  is  very  narrow,  and  contains  but  little  fluid.  Schicalbe’s 
investigations  seem  to  have  proved  that  it  is  a lymph  space.  Colouring 
masses  injected  into  the  subdural  spaces  enter  the  lymphatic  vessels 
and  glands  of  the  neck,  and  the  lumbar  lymphatic  glands,  as  well  as 
the  subdural  spaces  around  the  nerve-roots.  From  the  lymph  spaces 
around  the  nerve-roots  the  injection-mass  travels  on  into  the  lymphatic 
space  ■ in  the  olfactory  membrane,  in  the  labyrinth  of  the  ear,  and  in 
the  bulbus  oculi  (perichoroidal  space).  All  these  channels  do  not  seem 
to  exist  in  Man ; at  any  rate  it  cannot  be  proved  that  the  lymphatics 
of  the  neck  are  in  direct  communication  with  the  subdural  space. 
There  is  no  communication  between  the  subdural  and  subarachnoid 
spaces.  Langdon  professes  to  have  found,  near  the  flocculus  on  either  side, 
a crescent-shaped  cleft  in  the  arachnoidea  at  the  point  where  it  passes 
over  from  the  medulla  oblongata  to  the  cerebellum. 

Owing  to  the  peculiar  configuration  of  the  brain  the  subarachnoid 
space  is  divided  into  a considerable  number  of  larger  and  smaller 
spaces,  which  communicate  with  one  another,  and,  through  the  fora- 
men of  Magendie  and  the  apertunc  laterales  ventriculi  quarti,  with  the 
ventricles  of  the  brain. 

Merkel,  as  well  as  Mierzejewshy,  maintain  that  a slit-like  commmunica- 
tion  exists  between  the  subarachnoid  space  and  the  inferior  horn  of 
the  lateral  ventricles  (cf.  p.  68). 

The  cerebro-spinal  fluid  (liquor  cerebro-spinalis)  circulates  within 
the  subarachnoid  spaces  and  the  ventricles.  It  finds  an  outlet  in  the 
lymph-paths  surrounding  the  peripheral  nerves  (particularly  the  optic 
and  auditory)  and  beneath  the  olfactory  membrane  (A.  Key  and  Retzius, 
Fischer).  The  subarachnoid  spaces  are  also,  by  means  of  the  arachnoid 
plexuses,  in  connection  with  the  venous  sinuses  of  the  dura  mater. 

The  name  epicerebral  lymph-space,  ec,  is  given  to  a narrow  space 
supposed  to  extend  around  the  whole  brain  between  its  surface  and  the 
under  side  of  the  pia.  It  may,  however,  be  artificially  produced,  like  the 
space  which  lies  about  the  spinal  cord. 


A DURA  MATER  (coarse  or  hard  membrane  of  the  brain  and  cord; 

Meninx  Fibrosa,  fibrous  membrane  of  the  brain  and  cord,  y.i)viv£ 

7^aXe^a), 

We  distinguish  a dura  mater  cerebralis  and  a dura  mater  spinalis. 
The  former  of  these  lies,  with  the  exception  of  certain  prolongations  to 
be  mentioned  immediately,  entirely  within  the  skull-case  in  close 
apposition  with  its  inner  table;  the  latter  is  divisible  into  two  layers, 
the  outer  and  thinner  being  the  periosteum  of  the  vertebrae,  the  inner 
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being  the  dura  mater  spinalis,  in  the  strict  sense  of  the  word.  Between 
the  two  lamina;,  which  unite  with  one  another,  and  with  the  dura 
cerebralis  at  the  foramen  magnum,  little  is  interposed  but  plexuses  of 
veins  and  loose  fatty  tissue  (epidural  tissue). 

The  dura  mater  cerebralis  is  a firm  white  fibrous  membrane,  which, 
within  the  skull-case,  gives  off  several  reduplications,  viz.,  the  falx 
cerebri  (processus  falciformis  major),  tentorium  cerebelli  and  the  incon- 
siderable falx  cerebelli  (processus  falciformis  minor). 

To  allow  of  the  interposition  of  the  venous  sinuses  and  venous 
lacuna;  about  to  be  described,  the  dura  mater  is  spilt  into  two  layers, 
the  one  visceral,  the  other  parietal ; the  same  arrangement  obtains,  too, 
wherever  nerve-structures  such  as  the  trunks  of  the  third,  fourth,  and 
sixth  cranial  nerves  or  the  ganglion  Gasseri  of  the  trigeminal  (in  the 
cavum  Meckelii)  are  embedded  in  the  substance  of  the  membrane. 

It  would  lead  us  too  far  were  we  to  examine  in  detail  the  anatomical 
disposition  of  the  dura  mater.  We  must  point  out,  however,  that  on 


Fig.  206  —Epithelium  ou  the 
inner  surface  of  the  dura 
mater  of  the  guinea-pig. 
Silver  impregnation.  Magn. 
400. 


Fig.  207. — Dura  mater 
of  a new-born  child. 

Silver  impregnation. 
Magn.  200. 


Fig.  208. — A corpus 
arenaceum  from 
the  dura  mater. 
Magn.  300. 


either  side  the  middle  line  near  the  sinus  longitudinalis  superior,  Sis 
(fig.  205),  peculiar  hollow  spaces  are  met  with  in  the  substance  of  the 
dura,  Ps  (parasinoidal  spaces,  lacunae  venosae  laterales),  into  which  the 
veins  of  the  brain,  V,  embouch  before  reaching  the  sinus. 

From  twenty  to  tweuty-three  triangular  plates  of  connective  tissue 
fix  themselves  by  their  points  to  the  inner  surface  of  the  dura  spinalis 
their  broad  bases  resting  upon  the  pia  mater  along  the  whole  lateral 
border  of  the  spinal  cord  (ligamentum  denticulatum). 

Short  isolated  threads  of  connective  tissue  unite  the  dura  spinalis 
with  the  arachnoidea.  A constant  connection  of  this  sort  exists,  for 
example,  between  the  arachnoidea  and  a point  between  the  anterior  and 
middle  third  of  the  falx. 

The  spinal  as  well  as  the  cerebral  dura  forms  fibrous  sheaths  around 
the  issuing  spinal  nerves.  The  dural  sheath  of  the  optic  nerve  is 
connected  at  one  end  with  the  periosteum  of  the  orbit,  and  at  the 
other  with  the  sclerotic.  At  the  caudal  end  of  the  spinal  cord  the 
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dura  mater  forms  a sheath  around  the  filum  terminate,  and  fuses  at 
last  with  the  periosteum  of  the  sacrum. 

A tesselated  epithelium  can  be  shown  to  cover  the  surfaces  of  both 
the  parietal  and  visceral  dura  mater  (fig.  206).  To  see  the  epithelium 
it  is  best  to  take  the  dura  of  a young  animal  just  killed.  The  membrane 
is  spread  out  in  a watch-glass  or  shallow  dish,  and  acted  upon  for 
several  minutes  by  a 0-2  to  0'5  per  cent,  solution  of  nitrate  of  silver. 
The  preparation  is  then  thoroughly  rinsed  in  distilled  water  and  preserved 
in  glycerin  or,  after  dehydration,  in  dammar  varnish. 

After  exposure  to  the  light,  the  boundaries  of  the  epithelial  cells 
become  evident.  Small  dark  areas  appear  between  them  which  must 
probably  be  regarded  as  stigmata.  The  substance  of  the  dura  is 
composed  of  coarse  connective  tissue,  with  only  a few  elastic  fibres. 
Numbers  of  Waldeyer’s  plasma -cells  (connective  - tissue  cells  with 
abundant  coarsely  granular  protoplasm)  are  said  to  be  found  in  the 
dura  mater  in  addition  to  the  usual  connective-tissue  cells. 

Without  further  preparation  one  can  see  with  the  naked  eye  that 
the  large  blood-vessels  of  the  dura  He  nearer  to  the  parietal  layer  of 
the  dura  than  to  its  visceral  layer.  If  a very  thin  dura  which  has 
been  obtained  from  a suitable  animal  is  prepared  as  recommended 
above,  it  is  seen  that  the  relation  to  it  of  its  vessels  is  peculiar 
(fig.  207). 

The  arteries  first  attract  attention,  the  boundaries-  of  their  epi- 
thelial cells,  as  well  as  the  cement  substance  between  the  muscle-fibres, 
being  distinctly  shown.  In  addition,  outlines  of  epithelial  cells  are 
seen  on  either  side  of  the  artery;  these  cells  line  a straight  space 
whiyh  adjoins  the  wall  of  the  artery  and  sends  out  numerous  irregular 
branches  on  either  side.  The  side  spaces  are  connected  with  one 
another  into  a characteristic  network.  Not  rarely  the  branches  cross 
the  artery. 

The  meaning  of  these  spaces  is  still  in  dispute.  They  are  injected 
with  more  or  less  ease  from  the  blood-vessels.  Sometimes  blood- 
corpuscles  are  seen  in  them;  but,  despite  this,  they  are  not  to  be 
regarded  as  genuine  veins,  but  as  peculiar  appendages  to  the  system 
of° blood-vessels,  for  no  blood  normally  circulates  through  them.  If 
they  were  filled  with  blood,  the  dura  of  a living  animal  would  appear 
of  a dark  violet  colour,  so  close  is  the  network.  It  may  be  accepted 
that  they  communicate  with  the  subdural  space  by  means  of  the 
stigmata  on  the  visceral  surface  of  the  dura;  and  that  on  the  other 
side  they  open  into  the  real  blood-vascular  system. 

Lcivger  says  the  fine  arteries  of  the  dura  mater  pass  over  into  veins 
of  much  greater  calibre  by  means  of  funnels  resting  by  their  bases 
upon  the  veins  and  receiving  the  arteries  into  their  apices. 

The  nerves  of  the  dura  are  fairly  numerous.  Some  of  them  form  a 
moderately  rich  network  in  the  substance  of  the  dura  itself,  others  are 
intended  for  its  blood-vessels.  Vater’s  corpuscles  have  been  observed  in  the 

dura  (Krause). 
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The  following  are  the  most  important  pathological  changes  in  the 
dura  mater  : — 

Not  rarely,  in  old  people  especially,  concentrically  laminated  glancing 
concretions,  corpora  arenacea  (fig.  208),  are  found  in  the  dura,  they 
hardly  exceed  80  /a  in  diameter,  and  are  surrounded  by  a many-layered 
envelope  of  connective  tissue.  They  consist  of  phosphate  and  carbonate  of 
lime,  and  when  in  large  numbers  are  easily  detected  on  touching  the 
visceral  surface  of  the  membrane.  Their  favourite  situation  is  on  the  dura 
of  the  basis  cerebri,  and  especially  on  the  clivus.  Concretions  are  also 
scattered  about  in  many  tumours  of  this  membrane.  When  present  in 
excessive  quantity  they  constitute  psammomata.  The  latter  have  usually 
an  abundant  coarse  connective-tissue  scaffolding  which  supports  large 
numbers  of  round  mulberry-shaped  or  elongated  corpora  arenacea.  In 
many  psammomata  we  meet  with  calcified  trabeculae  of  connective  tissue 
rather  than  free  corpora  arenacea,  or  (as  Cornil  and  Ranvier  have  demon- 
strated) with  concretions  which  have  originated  from  calcifications  or 
sinuosity  in  the  vessels.  In  preparations  coloured  by  Weigert’s  hrema- 
toxylin-method  these  calcifications  stand  out  conspicuously  black. 

Ossification  of  the  dura  occurs  under  otherwise  normal  conditions ; 
and  in  many  animals  it  is  in  places  always  converted  into  bone.  As 
instances  of  this  may  be  quoted,  the  falx  of  the  dolphin  and  to  a less 
extent  of  the  seal,  probably  also  of  the  ornithorhynchus ; the  tentorium  of 
certain  carnivores,  especially  the  cat  and  the  bear,  and  to  a smaller  degree 
of  such  ungulates  as  the  horse,  pachyderms,  etc.  Bony  neoplasms  are  more 
common  in  the  dura  of  people  suffering  from  cerebral  disease,  especially 
epilepsy,  than  in  healthy  brains  ; in  women  ossification  is  less  common 
than  in  men.  Ossification  occurs  most  commonly  in  the  falx  cerebri  or  its 
immediate  neighbourhood,  where  the  bony  plate  may  reach  a diameter  of 
8 cm.  It  is  more  common  on  the  left  side  of  the  falx  than  on  the  right. 

Ossification  of  the  spinal  dura  is  extremely  rare. 

Warty  thickening  of  the  dura,  which  may  involve  the  pia  mater  and 
the  cortex,  is  a frequent  result  of  syphilis. 

Tumours  of  the  Dura  are  either  primary  or  metastatic.  The  primary 
forms  belong,  for  the  most  part,  to  the  group  of  tumours  of  the  connective 
tissue,  fibromata,  fibro-sarcomata.  The  pure  or  fixed  fibromata,  and,  above 
all,  the  endotheliomata  of  the  dura  have  a tendency  to  take  on  a rounded 
alveolar  form  (tumour  fibro-plasticus).  Endothelial  tumours,  too,  are 
frequently  met  with ; lipomata  are  rare.  Primary  tuberculosis  of  the  dura 
does  not  occur.  Among  secondary  tumours  the  commonest  are  carcinomata 
of  all  kinds.  As  has  already  been  mentioned,  single  corpora  arenacea  are 
found  in  many  tumours  of  the  dura.  Where  they  occur  in  greater 
numbers  the  result  is  a transition  form  to  the  psammomata  of  which  I 
have  just  spoken. 

Inflammation  of  the  dura  mater  is  termed  pachymeningitis. 

Simple  purulent  pachymeningitis,  in  which  the  dura  is  found  to  bo 
occupied  by  pus-corpuscles,  is  rare ; such  inflammation  is  usually  traumatic 
or  due  to  extension  from  other  localities. 
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A chronic  process,  in  which  a false  membrane  (or  new  membrane) 
containing  blood-pigment  is  deposited  on  the  inner  side  of  the  dura, 
is  more  common.  It  is  termed  pachymeningitis  interna  hsemorrhagica 
(pigmentosa).  The  deposition  on  the  inner  side  may  amount  to  no  more 
than  the  formation  of  a delicate,  usually  rust-coloured,  spotted  membrane, 
or  may  (owing  to  the  deposition  of  many  such  membranes,  one  above  the 
other)  constitute  a thick  crust  almost  half  a centimeter  through. 

The  processes  by  which  this  deposition  is  effected  are  of  two  kinds, 
resulting  in  membranes  of  different  structure. 

It  may  happen  that  a small  haemorrhage  is  effused  into  the  subdural 
space  from  the  vessels  of  the  dura  mater,  and  that  the  fibrin  of  the  effused 
blood,  which  usually  is  small  in  quantity,  coagulating  on  its  visceral  side, 
the  blood  is  encapsuled  in  a sac  with  the  dura  mater  for  its  outer  wall,  and 
the  coagulated  fibrin  for  its  inner  wall,  luematoma  dune  matris.  By-and- 


Fig.  209. — Pseudo-membrane  formed  on  the 
dura  mater  after  a small  hemorrhage. 
A part  of  the  latter  is  visible  at  the 
lower  edge  of  the  figure;  scattered 
lymph-corpuscles  lying  among  the 
fibrin  fibres.  Magn.  40. 


Fig.  210. — Neo-membrane  of  the  dura 
mater  resulting  from  pachymenin- 
gitis hemorrhagica.  Magn.  40. 


bye  the  contents  of  the  sac  are  absorbed,  and  a layer  of  fibrin  coloured 
with  blood-pigment  is  left  as  a false  membrane  (fig.  1.09). 

The  second,  commoner,  and  more  important  variety  of  pachymeningitis 
interna  runs  quite  a different  course.  At  first  a very  delicate  layer  is 
formed  on  the  inner  side  of  the  dura,  as  the  result  of  a condition  of  irrita- 
tion accompanied  probably  with  emigration  of  leucocytes  out  of  the  dura. 
The  lymphoid  cells  then  begin  to  exhibit  their  formative  activity,  con- 
structing a thin  connective-tissue  membrane,  in  which  vessels  of  wide 
calibre,  but  thin  walls,  make  their  appearance.  They  do  not  at  first  con- 
tain blood  (fig.  210).  There  is  thus  developed  not  a pseudo-membrane  but 
an  organised3  neo-membrane  devoid  at  first  of  blood-corpuscles,  and  not 
stained  with  blood-pigment.  The  vessels  of  the  neo-membrane  form  com- 
munications with  the  vessels  of  the  dura,  and  so  obtain  a supply  of  blood. 
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The  connecting  vessels  also  are  very  delicate;  they  easily  rupture,  and 
thus  occur  haemorrhages  between  the  dura  and  the  neo-membrane.  In 
turn  the  effused  blood  is  absorbed,  but  some  of  its  colouring -matter 
remains  behind  as  the  contents  of  what  were  once  lymphoid  cells.  The 
pigment-containing  cells  are  very  common  in  the  vicinity  of  the  blood- 
vessels. Such  neo-membranes  may  be  deposited  layer  upon  layer  (so,  too, 
may,  perhaps,  the  pseudo-membranes  of  the  other  forms  of  pachymeningitis), 
and  thus  give  rise  to  the  already-mentioned  thick  covering.  Concretions 
are  frequently  met  with  in  these  neo-membranes. 

Large  encapsuled  haemorrhages  which  are  only  partially  absorbed  con- 
stitute permanent  hamatomata. 

The  anatomical  condition  resulting  from  pachymeningitis  interna  is 
most  often  found  in  chronic  cerebral  disease,  especially  dementia  para- 
lytica and  alcoholism.  The  first-mentioned  form  especially  is  commonest 
in  advanced  age  ; but  it  is  sometimes  observed  in  children  under  a year  old. 
In  these  cases  it  is  probably  caused  by  injuries  at  birth.  The  dura  mater 
spinalis  is  normally  very  thick  on  the  ventral  side  of  the  cervical  cord. 
An  abnormal  overgrowth  of  the  dura  also  occurs  in  this  situation,  which 
may  attain  such  dimensions  as  to  cause  pressure  on  the  cord  ( Joffroy ), 
pachymeningitis  cervicalis  hypertrophica. 

Coarse,  crust-like  thickening  of  the  dura,  extending  sometimes  to  the 
inner  membranes  and  the  cortex,  is  frequently  observed  in  syphilis.  A 
similar  thickening  of  the  dura  spinalis  results  in  compression-myelitis. 


B.  ARACHNOIDEA  (Meninx  Serosa,  Visceral  Layer  of  the 

Arachnoid). 

The  arachnoidea  does  not  follow  the  irregidarities  in  the  contour  of  the 
brain ; on  the  contrary,  it  is  adherent  to  the  dura  mater,  both  cerebral  and 
spinal  being  separated  from  the  pia  by  a considerable  space  bridged  across 
by  connecting  threads  or  platelets  (subarachnoid  tissue). 

Thus  the  arachnoid  does  not  dip  into  the  fissures,  but  retires  in  many 
places  a considerable  distance  from  the  brain,  leaving  large  spaces,  the 
subarachnoid  sinuses  (cisternse  subarachnoidales).  Of  these,  two  deserve 
especial  mention : — 

(1)  Sinus  subauachxoidaus  posterior  (cisterna  magna  cercbello- 
medullaris)  between  the  back  of  the  cerebellum  and  the  medulla  oblon- 
gata. Here  the  arachnoid  spreads  like  a veil  from  the  vermis  superior 
and  the  posterior  part  of  the  dorsal  cerebellar  surface  over  the  vallecula  to 
the  medulla  oblongata  below  the  calamus  scriptorius. 

(2)  Sinus  subarachnoiualis  basalis  is  shaped  like  a star  with  five 
rays.  The  body  of  the  star  is  formed  by  the  arachnoid  sweeping  forwards 
from  the  anterior  border  of  the  pons  over  the  corpora  caudicantia,  the 
infundibulum,  and  the  optic  chiasm.  The  rays  of  the  star  are  thus  formed 
— the  subarachnoid  sinus  extends  around  the  crura  cerebri  on  either  side ; 
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in  front  two  paired  lateral  diverticula  extend  into  the  Sylvian  fossie,  while 
the  fifth  ray  is  directed  forwards  and  upwards  into  the  space  which  com- 
mences in  front  of  the  chiasm,  and  is  prolonged  in  the  median  fissure  of  the 
brain  above  the  corpus  callosum. 

All  the  nerves  which  leave  the  skull-case  receive  a sheath  from  the 
arachnoid. 


The  arachnoid  membrane  of  the  cord  retains  its  individuality  through- 
out ; it  takes  part  in  the  formation  of  the  sheath  of  the  filum  terminate  as 
well  as  of  the  nerves.  Numerous  threads  of  subarachnoid  tissue  connect 
it  with  the  spinalis,  especially  on  its  dorsal  surface. 

Certain  peculiar  excrescences  of  the  arachnoid  (which  are  most  numerous 
in  the  neighbourhood  of  the  great  longitudinal  fissure,  but  occur  also  on 
the  side  of  the  cerebellum,  sometimes  at  the  apex  of  the  temporal  lobe, 
and  rarely  in  other  places)  are  termed  arachnoid  plexuses  [gland nla; 
Pacchioni].  They  will  be  described  in  connection  with  the  histology  of 
the  membrane. 

The  arachnoidca  consists  of  connective-tissue  fibres,  and  of  the  nuclei 
belonging  to  them.  It  contains  neither  vessels  nor  nerves.  On  either 

side  it  is  covered  with  an  exceedingly  delicate 
tesselated  epithelium.  The  connective  - tissue 
fibrillse  are  not,  as  a rule,  united  into  definite 
bundles,  but  either  course  quite  irregularly  or  in 
two  diametrically  opposite  directions  (arachnoidea 
spinalis).  The  threads,  after  which  the  web-like 
membrane  is  named,  spread  out  from  the  arachnoid 
like  roots.  They  always  consist  of  a central  core 
or  connective  - tissue  bundle  invested  with  an 
epithelial  sheath.  For  the  rest,  its  structure, 
despite  the  closest  examination  by  Key  and 
Retzius,  is  hardly  understood.  When  acted  on  by 
acetic  acid,  the  threads  exhibit  circular  or  spiral 
constrictions  (fig.  211),  formerly  attributed  to 
view  to  which  observers  now  incline  is  that  these 
are  produced  by  a cellular  investment  of  the  bundle, 
many  bundles  are  surrounded  with  a broad  homogeneous 
or  faintly  striated  sheath,  as  to  the  meaning  of  which  it  is  impossible  at 
present  to  draw  any  conclusions. 

To  examine  the  structure  of  the  arachnoid  membrane  it  is  well  to  take 
it  from  situations  in  which  it  is  widely  separated  from  the  pia,  as  around 
the  cauda  equina  or  in  the  posterior  subarachnoid  sinus. 

Subarachnoid  tissue  is  best  obtained  from  the  sinus  basalis.  After 
treating  the  fibres  for  some  time  with  acetic  acid  the  preparation  may  be 
washed  and  mounted  in  glycerin. 

The  arachnoid  plexuses  (Pacchionian  granulations,  corpuscles,  or 
glands)  are  knobby,  cauliflower-shaped,  pedunculated  excrescences  of  the 
arachnoid  with  which  they  agree  in  minute  structure ; they  consist  of  loose 
connective  tissue  like  that  of  the  arachnoid  covered  with  epithelium.  Scat- 


Fig.  211. — Trabeculae  of 
the  arachnoid  mem- 
brane after  treatment 
with  acetic  acid. 
Maya.  200. 


elastic  fibres, 
constrictions 
Besides  this, 
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tered  arenaceous  corpuscles  may  be  found  in  these  plexuses  as  everywhere 
else  over  the  arachnoid. 

They  grow  out  into  the  subdural  space,  but  do  not  stop  there ; for  they 
force  their  way  into  the  substance  of  the  dura  where  it  offers  least  resist- 
ance or  presents  preformed  cavities.  Thus  they  press  themselves  into  the 
sinuses  as  well  as  into  the  venous  spaces,  Ps  (fig.  205),  on  either  side  of  the 
superior  longitudinal  sinus. 

The  parasinoidal  spaces  (lacunae  laterales)  are  found  at  the  spots  where 
the  great  veins  which  come  up  from  the  surface  of  the  hemispheres  enter 
the  dura.  Through  them  the  blood  is  discharged  into  the  superior  longi- 
tudinal sinus.  Like  the  sinus,  they  are  lined  inside  with  epithelium.  If 
the  dura  mater  is  stript  off  from  the  parasinoidal  spaces,  or  even  from  the 
sinus,  the  floor  of  the  spaces  is  seen  to  be  lifted  up  by  the  Pacchionian 
granulations.  The  Pacchionian  body  does  not  make  its  way  through  the 
wall  of  the  space,  but  pushes  it  in  front  of  itself,  and  so  comes  to  be 
invested  by  its  epithelium  (G).  Sometimes,  especially  in  the  brains  of  old 
persons,  we  find  depressions  on  the  inner  surface  of  the  skull  (foveas  glan- 
dulares),  sometimes  so  deep  that  the  bone  is  perforated.  These  excavations 
are  probably  due,  less  to  the  Pacchionian  granulations  themselves  than  to 
the  diverticula  of  the  veins. 

Pigments  injected  into  the  subarachnoid  space  find  their  way  into  the 
meshes  of  the  arachnoidal  plexuses,  and  through  its  complicated  epithelial 
coat  into  the  parasinoidal  spaces  and  the  veins.  In  purulent  and  bloody 
effusions  into  the  subarachnoid  space,  pus-corpuscles  and  blood-corpuscles 
are  found  in  the  Pacchionian  bodies. 

In  children  these  bodies  may  be  quite  absent,  and  they  are  never  much 
developed  before  the  tenth  year.  They  are  found  in  many  animals,  especi- 
ally the  larger  ones,  but  they  are  certainly  not  so  well  developed  as  in  Man. 

Of  the  pathological  changes  which  affect  the  arachnoid,  only  the 
following  will  be  mentioned : — 

Small  plates  of  bone  without  any  essentially  pathological  significance 
are  sometimes  met  with  in  the  arachnoid,  usually  over  the  frontal  lobe. 
They  are  more  common  in  the  arachnoidea  spinalis,  especially  over  the 
dorsal  surface  of  the  lumbar  and  lower  dorsal  cord.  Here  they  are  occa- 
sionally very  large,  measuring  several  centimeters  in  length.  These  little 
plates,  as  thin  as  paper,  frequently  occur  in  advanced  age,  in  cases  of 
chronic  disease  of  the  spinal  cord,  and  in  dementia  paralytica.  The 
external  surface  is  fairly  smooth,  but  that  towards  the  subarachnoidal 
space  is  usually  set  with  knotted  and  knobby  excrescences. 

Cartilaginous  plates  are  also  found,  consisting  of  a firm  homogeneous 
inter-cellular  substance  arranged  in  layers.  Between  the  layers  are  cells  (?) 
with  oval  nuclei  and  sclerosed  threads  of  connective  tissue,  which  are  con- 
tinued into  the  normal  arachnoid  threads.  As  the  condition  advances 
chalk-salts  are  deposited  in  the  plates,  and  in  some  cases  actual  osteomata 
are  formed,  medullary  cavities  and  cells,  and  even  blood-vessels,  originating 
from  the  dura  mater  ( Zanda ).  Lamelhc  and  bone-corpuscles  can  occasion- 
ally be  detected. 

2 Ii 
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In  the  brains  of  many  adults,  almost  all  of  advanced  age,  small,  slightly 
opaque  patches  arc  to  be  seen  here  and  there  in  the  arachnoidea. 

The  arachnoid  may  become  extensively  thickened  and  opaque  in  con- 
sequence of  chronic  irritation,  especially  over  the  convexity  of  the  great 
brain  near  the  middle  line,  and  over  the  large  vessels  of  the  pia.  This 
condition  is  most  often  found  in  lunatics  and  drunkards,  but  even  in 
simple  atrophy  (especially  senile  atrophy)  opaque  patches  are  observed. 

Quite  different  to  the  above  are  certain  small  disseminated  white  patches 
of  thickened  arachnoidea,  which  may  be  scattered  over  the  whole  convexity 
•after  chronic  brain-disease,  in  idiots  more  especially. 

Numerous  little  overgrowths  of  the  superficial  endothelium  are  likewise 
found  in  cases  of  chronic  disease  of  the  brain,  especially  dementia  para- 
lytica. They  give  the  arachnoidea  a rough,  gritty  appearance. 

Small  accumulations  of  fat  are  not  seldom  found  in  the  arachnoidal 
tissue  at  the  base  of  the  brain,  particularly  in  the  vicinity  of  the  corpora 
caudicantia.  They  sometimes  grow  so  large  as  to  form  small  lipomas. 


C.  PIA  MATER  (Meninx  Vasculosa,  Tunica  Propria). 

The  pia  mater  cerebralis,  which  closely  invests  the  surface  of  the  brain,  not 
only  sinks  down  into  all  the  fissures  of  the  cerebrum  and  cerebellum  (fig.  205), 
but  also  enters  by  means  of  special  slits  into  the  interior  of  the  ventricles, 
where  it  forms  the  tela;  clioroidese.  In  a similar  way  the  pia  mater  spinalis 
adheres  to  the  spinal  cord  sending  the  triangular  folds  already  mentioned, 
the  ligamentum  denticulatum,  to  the  dura.  The  connections  between  pia 
and  arachnoidea  have  been  already  described.  The  filum  terminale,  as 
well  as  all  nerves  coming  out  of  the  cerebro-spinal  axis,  receive  sheaths 
from  the  pia  mater. 

The  pia  mater  cerebralis  is  a somewhat  delicate  connective-tissue  mem- 
brane rich  in  nuclei.  In  and  under  this  membrane  arteries  and  veins  as 
well  as  capillaries,  the  latter  relatively  the  least  abundant,  spread  out  before 
giving  off  their  lateral  branches,  which  descend  vertically  into  the  brain- 
substance.  The  vessels  of  the  pia  are  surrounded  by  lymph-spaces,  and 
carry  sheaths  from  the  pia  with  them  into  the  substance  of  the  brain. 
These  lymph-spaces  communicate  directly  with  the  adventitial  spaces  round 
the  vessels  in  the  brain,  while  the  perivascular  spaces,  as  well  as,  perhaps, 
other  free  lymph-channels — from  the  periganglionic  lymph-spaces,  it  may 
be — would  open  into  the  still  hypothetical  epiccrcbral  space.  The  epithe- 
lium which  covers  the  arachnoid  is  continued  on  to  the  pia. 

By  the  inner,  non-vascular  layer  of  the  pia  mater  cerebralis,  formerly 
regarded  as  distinct,  was  meant  a delicate  gleial  membrane,  which  can  only 
be  recognised  where  it  covers  the  cerebellum  as  a basal  membrane.  It 
has  nothing  to  do  with  the  pia. 

In  the  spinal  cord  the  pia  consists  of  two  layers ; both  rather  coarse. 
The  external  layer,  composed  for  the  most  part  of  longitudinal  fibres, 
supports  the  blood-vessels,  which  arc  disposed  less  closely  than  in  the  pia 
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cerebralis.  The  inner  non-vascular  layer  is  composed  of  strong  circular 
connective  fibres. 

The  whole  of  the  pia  enters  into  the  sulcus  longitudinalis  ventralis,  but 
only  the  inner  layer  enters  the  dorsal  sulcus. 

Numerous  branched  pigment-cells  are  often  found  in  the  pia,  especially 
in  old  persons.  They  are  most  numerous  on  the  ventral  side  of  the 
medulla,  which  often  appears,  in  consequence,  of  a smoky  colour  to  the 
naked  eye.  These  pigment-cells  may  be  met  with  throughout  the  whole 
length  of  the  spinal  cord  in  the  external  layer  of  the  pia  mater ; and  not 
rarely  in  the  internal  layer  also.  On  the  other  side,  on  the  base  of  the 
brain  the  pigment-cells  can  be  followed  forwards  as  far  as  the  olfactory 
bulb  and  the  fossa  Sylvii.  There  is  no  proof  of  a relation  between  the 
colour  of  the  skin  and  hair  and  the  pigment  in  the  pia  mater. 

Within  the  pia  mater  is  a rich  web  of  sympathetic  nerves,  intended  for 
the  vessels  it  contains.  Besides  these  nerves,  we  see  in  the  pia  mater 
spinalis,  especially  on  its  ventral  surface,  fine  nerve-fibres  which  pass 
directly  into  the  pia  from  the  substance  of  the  cord,  course  in  it  for 
a considerable  distance,  and  end  either  in  button-like  swellings  or  in 
terminal  bodies,  which  are  said  to  resemble  Meissner’s 
touch-corpuscles  {Aronson). 

In  many  reptiles  and  amphibious  animals,  as 
well  as  in  some  mammals,  such  as  the  horse,  dog, 
cat,  seal  ( Schlesinger ),  a long  fibrous  band,  oval  in 
cross-section,  is  enveloped  in  the  substance  of  the 
pia  mater  on  the  lateral  surface  of  the  cord.  It 
exhibits  the  same  histological  structure  as  the 
dura  mater,  with  which  it  is  connected  by  means 
of  the  ligamentum  dentieulatum. 

Amongst  pathological  changes  in  the  pia, 
hy’PEr.emia  and  haemorrhage  may  be  mentioned. 

The  condition  in  which  the  pia  mater  and  cortex  adhere  firmly  to  one 
another  (unite,  in  the  common  phrase),  found,  usually  over  the  frontal 
lobe,  in  dementia  paralytica,  is  not  due,  as  has  been  sometimes  stated,  to  a 
numerical  increase  of  blood-vessels.  The  explanation  lies  (in  part,  at 
least)  in  the  softening  of  the  deeper  layers,  which  renders  the  cortex  apt  to 
tear,  while  the  submeningeal  layer  is  thickened,  and  so  seems  more  closely 
connected  with  the  pia. 

The  same  alterations  in  the  contents  of  the  lymphatic  sheaths  of  its 
blood-vessels  are  met  with,  as  in  the  case  of  the  sheaths  of  the  intra- 
cerebral vessels. 

Secondary  purulent  meningitis  (lepto-meningitis  purulenta)  is  often 
observed.  Different  kinds  of  bacteria  must  be  taken  into  consideration 
in  studying  the  etiology  of  this  disease.  Of  these  the  diplococci  of 
pneumonia  are  the  most  important ; they  are  found  in  from  60  to  70 
per  cent,  of  the  cases  under  observation,  and  are  said  to  occur  even  with- 
out declared  pneumonia  The  occurrence  of  pus  is  not  limited,  however, 
to  the  substance  of  the  pia ; it  is  found  in  the  subarachnoid  space,  the 


Fig.  212.  — Pia  mater 
in  meningitis  tuber- 
culosa. Magn.  15. 
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epicerebral  space,  and  also  in  the  lymphatic  sheaths  around  the  cerebral 
vessels.  Pus  corpuscles  also  penetrate  directly  into  the  cortex,  causing, 
apparently,  degeneration  of  the  tangential  fibres. 

Tuberculous  basilar  meningitis  is  characterised  chiefly  by  the  appear- 
ance of  little  elevations  on  the  pia,  varying  from  the  smallest  dimensions 
up  to  the  size  of  a millet-seed.  They  consist  of  tubercle-cells,  and  are 
deposited  by  preference  around  the  vessels  on  the  base  of  the  brain  and 
in  the  Sylvian  fossa  (fig.  212).  The  cortex  is  almost  always  diseased  too; 
it  is  usually  hypertemic  under  the  affected  parts  of  the  pia,  and  large 
numbers  of  small  hemorrhages  are  present. 

Many  Tumours  of  the  brain  and  spine  originate  in  the  pia  mater. 

Many  (cancer  of  the  plexus,  for  example)  spread  rankly  in  a thin 
layer  over  a large  area,  until — to  take  an  instance — the  whole  medulla 
oblongata  is  enveloped  in  a cancerous  substance  hardly  recognisable  by 
the  naked  eye. 

In  old  age,  amyloid  bodies  belonging  to  the  cortical  gleia-stratum  are 
sometimes  found  adhering  to  the  pia  mater ; a circumstance  which  may 
be  connected  with  many  chronic  diseases  of  the  central  nervous  system. 

An  American  waterfowl,  Plotinus  anhinga,  is  said  to  invariably  carry  a 
large  ball  of  thread-worms  in  the  meninges,  over  the  cerebellum,  without 
being  in  the  least  the  worse  for  it. 

It  is  by  no  means  unusual  to  find  cysticercus  vesicles  in  the  inner 
meninges  of  the  brain  (of  the  cerebrum  especially).  They  often  occur  in 
very  large  numbers.  Cysticercus  racemosus,  which  settles  by  preference  in 
the  basal  subarachnoidal  space,  is  an  uncommon  variety. 


We  have  already  described  the  topographical  disposition  of  the  telae 
choroideae  and  the  plexus  choroidei  of  the  ventricles  of  the  cerebrum 
and  cerebellum. 

It  will  suffice  to  recall  here  the  fact  that  these  structures  are  redupli- 
cations involuted  from  the  pia  mater.  The  tela:  choroidese  correspond 
exactly  in  structure  with  the  pia  mater.  On  the  surface  turned  towards 
the  ventricle  are  the  remnants  of  the  rudiment  of  the  brain. 

The  histology  of  the  plexus  choroidei  demands  closer  examination.  In 
them  the  pia  mater  seems  to  be  reduced  to  a nearly  structureless  mem- 
brane, in  the  substance  of  which  no  blood-vessels  run.  On  the  other  hand, 
peculiar  vessels,  capillaries  of  wide  calibre,  are  pushed  forwards  in  the 
reduplication  of  the  membrane  so  that  they  are  enclosed  by  it  on  all  sides. 
The  numerous  convolutions  of  these  capillaries  during  their  long  course 
give  to  the  plexus  its  characteristic  knotted  appearance.  The  plexus  is 
covered  on  its  ventricular  surface  by  a single  layer  of  epithelial  cells  of  a 
peculiar  kind  (fig.  2 1 3).  Although  of  various  shapes  these  cells  incline  to 
a cubical  form.  Their  edges  and  corners  are  drawn  out  into  processes,  by 
means  of  which  they  dovetail  with  one  another.  A round  nucleus  lies  in  a 
coarsely  granular  protoplasm,  but  almost  every  cell  contains,  in  addition  to 
the  nucleus,  a highly  refractive,  bright,  yellow,  or  yellowish-brown  body.  As 
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Fig.  213. — Epithelium 
of  the  choroid  plexus. 
Magu.  200. 


this  body  is  coloured  dark  on  the  addition  of  osmic  acid,  it  may  be  looked 
upon  as  probably  formed  of  some  substance  related  to  fat.  Sometimes  it 
assumes  a rod-like  or  ring-like  form.  The  structure  of  the  choroidal  plexus 
is  in  a high  degree  suggestive  of  an  evoluted 
gland.  [It  recalls  to  mind  the  glomerular  plexus 
of  a renal  tubule.]  It  conveys  the  impression  that 
the  cells  of  the  neuro-epithelium,  instead  of  forming 
nerve-substance,  have  been  transformed,  as  it  were, 
into  glandular  cells  concerned  with  the  secretion 
of  the  liquor  cerebro-spinalis.  We  are  the  more 
entitled  to  take  this  view,  because  the  cerebro- 
spinal fluid  cannot  by  any  means  be  regarded  as  a simple  serous  exudation  ; 
its  chemical  constitution  shows  that  it  is  a specific  fluid.  It  contains  but 
few  formed  elements. 

Among  the  accessory  bodies  found  in  the  choroidal  plexus  may  be  men- 
tioned fat-granules,  brown  pigment,  and  especially  chalky  concretions  of 
smaller  or  larger  size.  No  pathological  significance  can  be  attributed  to 
these  substances,  nor  to  the  frequent  calcification  of  vessels  in  the  choroidal 
plexus.  Tumours,  such  as  lipomas,  may  affect  the  choroidal  plexus. 
Primary  actinomycosis  was  observed  by  Bollinger.  Cysts  with  contents 
more  or  less  fluid  are  hardly  ever  absent  in  old  people  ; they  may,  how- 
ever, be  found  at  birth.  Their  favourite  location  is  the  glomus  of  the 
plexus  lateralis.  Schnopfhagen's  view  that  they  are  formed  by  the 
dropsical  separation  from  one  another  of  the  two  layers  of  the  pia  which 
constitute  the  tela  and  plexus  is  most  probably  correct. 

In  the  horse,  concretions  of  inorganic  material  (carbonate  or  phosphate 
of  lime)  or  of  cholesterin  are  constantly  met  with  ( Faivre ) ; they  may  be 
very  numerous  and  even  as  large  as  hen’s  eggs. 


D.  THE  GREAT  VESSELS  OF  THE  BRAIN. 

Within  the  skull-case  arteries  and  veins  do  not  run  in  company  as  they 
do  in  other  organs.  Leaving  out  of  consideration  the  great  venous  sinuses 
of  the  dura  mater,  we  may  say  that  all  the  larger  arteries  are  found  on 
the  base  of  the  brain,  while  the  larger  veins  are  directed  towards  its 
convexity. 

The  method  in  which  the  vessels  within  the  brain  divide  is  well  known, 
thanks  to  the  investigations  of  Heubner  and  Duvet ; here,  however,  the 
subject  can  only  be  treated  in  outline. 

The  brain  is  supplied  with  blood  by  two  arteries  on  each  side,  the 
internal  carotid  and  the  vertebral. 

The  internal  carotid  artery,  Ci  (fig.  214),  advances  along  the  side  of 
the  tuber  olfactorium,  and  divides,  after  it  has  given  off  the  ophthalmic 
artery  which  courses  forwards,  into  its  two  chief  branches,  the  anterior 
and  middle  cerebral  arteries. 

Arteria  cerebri  anterior,  Ca  (arteria  corporis  callosi),  winds  at  first 
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towards  the  middle  line,  slips  over  the  optic  nerves,  and  then  bends  round 
into  the  great  longitudinal  fissure,  where  it  can  be  followed  a long  way 
backwards  on  the  upper  surface  of  the  corpus  callosum. 

At  the  spot  where  the  anterior  cerebral  arteries  of  the  two  sides 
assume  a sagittal  direction,  they  are  placed  so  close  together  that  a very 
short  connecting  branch,  Goa  (arteria  communicans  anterior),  suffices  for 
their  anastomosis.  At  the  place  where  the  artery  slings  itself  round  the 
corpus  callosum  it  gives  off  a fine  branch  for  the  dura  mater,  which  courses 
backwards,  along  the  lower  edge  of  the  falx  ( Langer ). 


Ca 


Fig.  214. — Arteries  at  the  base  of  the 
brain  : circle  of  Willis. — Ci,  a.  carotis 
interna  ; Ca,  a.  cerebri  anterior  ; Cm, 
a.  cerebri  media  ; Cp,  a.  cerebri  pos- 
terior ; Con,  a.  communicans  anterior  ; 
Cop,  a.  communicans  posterior ; V,  a. 
vertebralis ; B,  a.  basilaris ; cbs,  a. 
cerebelli  superior ; cbia,  a.  cerebelli 
inferior  anterior ; chip,  a.  cerebelli 
inferior  posterior  ; au,  a.  auditiva. 


Ca 


Fig.  215. — Anomalies  of  the  circle  of 
Willis.  Lettering  as  in  fig.  214. — a, 
a.  cerebri  anterior  ; b,  a.  cerebri  pos- 
terior, reduced  to  the  dimensions  of 
communicating  arteries  ; c,  island  in 
the  vertebral  artery. 


The  arteria  cerebri  media,  Cm  (arteria  fossae  Sylvii  seu  transversa 
cerebri),  must  be  looked  upon  as  the  direct  continuation  of  the  internal 
carotid.  Hence  it  is  that  emboli  which  have  come  up  the  latter  vessel  are 
more  likely  to  continue  their  course  into  the  middle  than  into  the  anterior 
cerebral  artery.  It  turns  sidewards  so  as  to  enter  the  fossa  Sylvii,  where  it 
soon  divides  into  a varying  number  of  branches. 

Each  of  the  two  vertebral  arteries  ( V)  gives  off  an  arteria  cerebelli 
inferior  posterior  (chip),  and  then  unites  with  its  fellow  at  the  back  of  the 
pons  into  a single  trunk,  the  basilar  artery  ( B ).  The  basilar  artery  passes 
forwards  in  the  median  line  with,  usually,  a slight  convexity  to  the  left, 


CIRCLE  OF  WILLIS. 


487 


and,  as  a rule,  gives  oft’  at  right  angles  three  small  arteries  from  either 
side ; arteria  cerebelli  inferior  anterior  ( cbia ),  arteria  auditiva  (nu),  and 
arteria  cerebelli  superior  (efts).  At  the  proximal  border  of  the  pons  the 
basilar  artery  again  divides  into  two  branches  directed  straight  outwards, 
arteria;  cerebri  posteriores,  Cp  (arteria;  profundae  cerebri). 

Immediately  before  the  internal  carotid  passes  over  into  the  middle 
cerebral,  or  just  from  the  commencement  of  the  latter,  come  off  two 
branches,  arteria  communicans  posterior,  Cop,  and  the  arteria  choroidea 
anterior.  The  former  is  usually  a rather  narrow  vessel  which  passes  back- 
wards towards  the  posterior  cerebral,  which  it  joins  at  a distance  of  scarcely 
as  much  as  1 mm.  from  the  point  where  the  arteria  basilaris  bifurcates.  In 
this  way  there  is  formed  on  the  base  of  the  brain  a hexagonal  or  heptagonal 
ring,  circulus  arteriosus  Willisii  (hexagon,  polygon  of  Willis). 

After  giving  off  the  posterior  communicating  artery,  the  internal  carotid, 
or,  as  it  is  here  called,  the  middle  cerebral,  gives  off  backwards  a second  fine 
branch,  arteria  choroidea.  This  artery  courses  along  the  tractus  opticus, 
by  which  it  is  conducted  into  the  plexus  choroideus  of  the  descending  horn 
of  the  lateral  ventricle. 

From  these  large  vessels  the  arteries  for  the  brain  substance  come  off  in 
a two-fold  way.  So  long  as  the  chief  arteries  lie  on  the  base  of  the  brain 
they  give  off  fine  branches  for  the  brain-substance,  which,  as  they  do  not 
anastomose  with  one  another,  belong  to  the  class  of  vessels  termed  * end 
arteries  ’ (Heubner’s  basilar  area).  Over  the  whole  of  the  rest  of  the 
surface  of  the  brain  the  larger  arteries  gradually  break  up  dichotomously 
(Heubner’s  cortical  area).  Neighbouring  vascular  territories  are  in  con- 
nection with  one  another  by  means  of  numerous  anastomoses  in  the  pia 
mater.  Anastomoses  between  the  vessels  of  the  cortical  areas  of  the  two 
hemispheres  are  very  uncommon. 

The  direction  of  the  fissures  on  the  surface  of  the  brain  is  almost 
entirely  unconnected  with  the  course  of  the  vessels.  The  central  parts  of 
the  brain,  including  the  central  ganglia  and  a great  portion  of  the  white 
substance  which  adjoins  them,  are  exclusively  supplied  from  the  basal 
system ; the  cortex  and  the  medullary  substance  beneath  it  are  nourished 
from  the  vessels  of  the  cortical  system. 

The  whole  surface  of  each  hemisphere  may  be  divided  up  into  three 
areas  corresponding  to  the  three  chief  arteries  of  the  great  brain  : 

(1)  Area  of  the  arteria  cerebri  anterior,  which  includes  (on  the  con- 
vex surface  of  the  brain)  the  whole  of  the  upper  and  a small  part  of  the 
middle  frontal  convolutions,  the  upper  third  of  both  central  convolutions, 
and  the  larger  part  of  the  upper  parietal  lobe ; the  whole  of  the  anterior 
and  middle  parts  of  the  mesial  surface,  to  beyond  the  middle  of  the 
pnecuneus.  The  mesial  portion  of  the  orbital  surface  (inclusive  of  the 
trigonum  olfactorium  and  olfactory  tract)  is  supplied,  often  throughout, 
and  always  to  some  extent,  by  a constant  branch,  the  arteria  olfactoria. 

(2)  Area  of  the  arteria  cerebri  media.  This  is  restricted  to  the  convex 
surface  of  the  hemisphere,  where  it  includes  those  parts  of  the  frontal 
and  parietal  lohes  not  supplied  by  the  arteria  superior  anterior,  as  well 
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as  the  anterior  portion  of  the  occipital  lobe,  and,  perhaps,  the  two  upper 
convolutions  of  the  temporal  lobe  : and  on  the  orbital  surface  the  variable 
area  which  is  not  supplied  by  the  arteria  cerebri  anterior.  On  the  median 
surface  it  supplies  at  the  utmost  a small  branch  in  the  neighbourhood  of 
the  uncus  (arteria  gyri  uncinati). 

The  number  of  branches  into  which  this  artery  divides  in  the  Sylvian 
fossa  varies  from  four  to  ten.  Five  main  branches  can  usually  be  more 
or  less  clearly  distinguished ; they  are  named  after  the  areas  in  which 
they  principally  circulate.  From  before  backward,  they  are  : arteria  gyri 
frontalis  inferioris,  arteria  gyri  centralis  anterioris,  arteria  gyri  centralis 
posterioris,  arteria  lobuli  parietalis  inferioris,  arteria  lobi  temporalis.  The 


Fig.  216.— Horizontal  section  through  the 
great  brain,  showing  the  region  occupied  by 
the  several  cerebral  arteries  (after  Kolisko 
and  liadlich).  — I,  region  of  the  a.  cerebri 
media  ; II,  of  the  a.  c.  posterior  ; III,  of 
the  a.  c.  anterior  ; IV,  of  the  a.  choroidea 
anterior  ; V,  of  the  carotid  ; VI,  of  the  a. 
communicans  posterior. 

convolutions  of  the  island  of  Red  are  supplied  by  small  side-branches  of  the 
larger  vessels. 

(3)  Area  of  the  arteria  cerebri  posterior,  the  posterior  part  of  the 
occipital  lobe  on  the  convex  side  of  the  brain,  and  the  whole  of  it  on  the 
mesial  side,  together  with  the  adjoining  portion  of  the  preecuueus,  and  as 
much  of  the  temporal  lobe  as  is  not  occupied  by  the  arteria  cerebri  media. 

The  behaviour  of  the  central  arteries — those,  that  is,  which  course 
within  the  brain— is  exceptionally  interesting,  as  it  may  be  of  great 
importance  pathologically  (in  hcemorrhages  and  embolisms;  see  figs.  216 
and  217). 

They  are  usually  rather  line,  and  go  oft’  at  right  angles  to  the  large 


Fig.  217. — Frontal  section  through 
the  great  brain  (after  Kolisko  and 
Radlich). 
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trunks,— the  carotid  (V),  the  arteria  cerebri  anterior  (III),  the  arteria 
choroidea  anterior  (IV),  the  arteria  cerebri  media  (I),  the  arteria 
communicaus  posterior  (VI),  and  the  arteria  cerebri  posterior  (II). 

Kolisko  has  drawn  attention  to  the  peculiarities  in  behaviour  of  the 
central  arteries  which  originate  from  the  arteria  cerebri  anterior.  These 
can  be  divided  into  long  and  short  arteries.  The  former  take  rise  in 
close  proximity  to  the  arteria  communicans  anterior  (one  or  two  on  either 
side)  and  course  straight  back  to  the  lamina  perforata  anterior,  a dis- 
position which  greatly  favours  the  occurrence  of  coagulations  and  derange- 
ments of  the  circulation.  Consequently,  the  area  supplied  by  it  (the  head 
of  the  nucleus  caudatus,  part  of  the  anterior  limb  of  the  inner  capsule,  and 
of  the  anterior  portion  of  the  nucleus  lenticularis)  is  peculiarly  liable  to 
softening.  The  short  arteries  are  remarkable  for  their  extreme  fineness, 
which  likewise  conduces  greatly  to  the  inception  of  softening  in  the  area 
supplied  by  them  (anterior  part  of  both  segments  of  the  nucleus  lenticu- 
laris aud  the  adjoining  p\rt  of  the  internal  capsule). 

The  central  arteries  which  go  off  from  the  arteria  cerebri  media  supply, 
at  least  in  part,  the  three  great  ganglia  and  the  internal  capsule.  The  fine 
branches  which  rise  from  the  anterior  and  median  cerebral  arteries  and 
supply  the  nuclei  caudatus  and  lenticularis  were  called  by  Duret  ‘ arteres 
lenticulo-striees  ’ ; those  from  the  median  cerebral  artery  which  feed  the 
nucleus  lenticularis  aud  optic  thalamus  he  named  * arteres  leuticulo- 
optiques.’ 

From  Kolisko' s investigations  the  arrangement  of  the  vessels  for  the 
internal  capsule  appeal's  to  be  as  follows : — 

The  upper  divisions,  all  but  the  hindmost  part  (fig.  217,  I),  are 
supplied  entirely  by  the  arteria  cerebri  media ; but  in  the  deeper  parts 
the  anterior  limb  of  the  internal  capsule  is  nourished  chiefly  by  the  anterior 
cerebral  artery  (fig.  216,  III)  and  the  carotid  (V),  and  the  posterior 
limb  by  the  arteria  communicans  posterior  and  the  arteria  choroidea 
anterior  (IV).  The  arteria  choroidea  anterior  supplies  the  whole  of  the 
posterior  part  of  the  internal  capsule,  but  only  the  deeper  divisions  of  the 
anterior  portion.  In  many  brains  the  region  of  the  knee  of  the  capsule 
receives  its  blood-supply  from  a fine  branch  of  the  arteria  communicans 
posterior  (VI),  named  by  Kolisko  Duret’s  artery,  which,  in  that  case, 
supplies  the  anterior  part  of  the  optic  thalamus  as  well.  When  the 
communicans  posterior  is  very  feebly  developed  this  last-named  region  is 
also  fed  from  the  arteria  choroidea  anterior. 

Since  the  most  important  motor  and  sensory  tracts  of  the  brain  pass 
through  the  posterior  limb  of  the  internal  capsule,  it  is  easily  understood  that 
any  derangement  of  the  circulation  in  the  region  of  the  arteria  choroidea 
anterior  must  be  attended  with  very  grave  symptoms.  If  these  manifest 
themselves  chiefly  in  the  motor  functions,  leaving  the  sensory  perhaps 
unaffected,  the  explanation  lies  in  the  fact  that  the  sensory  region  of 
the  internal  capsule  often  obtains  a collateral  supply  by  anastomoses  with 
the  arteria  choroidea  media  aud  posterior  (Kolisko). 

The  arteria  choroidea  media  takes  rise  from  the  posterior  cerebral 
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artery ; the  arteria  choroidea  posterior,  which  runs  into  the  tela  choroidea 
superior  beside  the  vena  Galeni,  from  the  superior  cerebral  artery. 

It  should  be  particularly  noted  that,  except  for  the  circulus  Willisii, 
the  two  hemispheres  are  almost  independent  as  regards  blood-supply. 
No  large  vessels  cross  the  middle  line.  Sometimes,  indeed,  in  the  corpus 
callosum  the  capillary  network  of  an  arteriole  can  be  seen  to  extend  some 
way  on  the  other  side. 

To  what  has  already  been  said  concerning  the  blood-supply  of  the 
cerebellum,  I may  add  that  the  three  cerebellar  arteries  vary  greatly  in 
size.  The  arteria  cerebelli  posterior,  with  its  branches,  spreads  chiefly 
over  the  under  surface  of  the  cerebellum ; the  arteria  cerebelli  media  over 
the  upper  surface  ■ and  the  arteria  cerebelli  anterior  over  the  vermis. 
Each  arterial  network,  however,  anastomoses  frequently  with  the  rest, 
and,  apparently,  with  those  of  the  other  side.  The  arteria  cerebelli  media 
gives  off  a great  branch  to  the  corpus  dentatum.  Most  of  the  extensive 
haemorrhages  into  the  cerebellum  are  caused  by  the  bursting  of  this  artery. 

Proceeding  from  the  region  of  the  crus,  through  the  pons,  to  the  spinal 
end  of  the  medulla  oblongata,  special  attention  is  due  to  the  arteries 
which  run  into  the  middle  line  on  the  ventral  side  and  course  dorsalwards 
in  or  alongside  the  raphe  (arteriie  centrales).  The  two  halves  of  the 
body  appear  to  be  nearly  independent  as  far  as  these  arteries  are  concerned, 
and  anastomoses  across  the  middle  line  are  scarcely  ever  met  with.  It 
has  also  been  demonstrated  that  in  this  part  it  is  possible  to  inject  a 
mesial  region  which  has  no  connection  whatever  with  the  lateral  portions 
(Shimamura). 

The  v elite  cerebrales  superiores  are  a succession  of  (in  most  cases)  from 
ten  to  twelve  veins,  which  pass  upwards  across  the  hemisphere  and 
debouch  into  the  sinus  longitudinalis  by  the  lacunae  venosaj  (cf.  p.  476). 
Before  entering  the  sinus  each  is  usually  joined  by  a smaller  vein  which 
courses  upwards  on  the  median  surface  of  the  hemisphere.  The  largest 
venae  cerebrales  superiores  are  found  near  the  central  convolutions  and 
the  temporal  lobe. 

A large  constant  vein  (vena  Sylvii  superficialis)  courses  forwards  on 
the  surface,  along  the  line  of  the  Sylvian  fissure.  A fairly  constant 
anastomosing  branch  ascends  from  this  vein  (vena  magna  anastomotica) 
and  courses  to  the  sinus  longitudinalis,  usually  passing  behind  the  central 
convolutions.  The  vena  Sylvii  and  this  branch  are  sometimes  together 
called  the  vena  Trolardi.  Another  thick  and  fairly  constant  branch 
courses  downwards  from  the  vena  Sylvii  superficialis  and  crosses  the 
temporal  lobe  obliquely  to  reach  the  sinus  lateralis. 

The  veins  of  the  various  internal  parts  of  the  brain  collect  into  the 
vena  cerebri  interna  communis  (vena  magna  Galeni).  It  is  about  1 cm. 
long  and  is  formed  chiefly  by  the  confluence  of  the  two  vena}  cerebri 
interuse,  which  collect  the  venous  blood  from  the  central  parts  of  the 
cerebrum  and  run  first  in  the  plexus  choroidci  laterales,  and  then  in  the 
tela  choroidea  media. 

The  vena  cerebri  interna  communis  comes  out  through  the  great 
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transverse  fissure,  and  discharges  its  contents  into  the  sinus  perpendicu- 
laris.  Its  upper  side  is  generally  marked  by  a concavity,  in  which  the 
splenium  corporis  callosi  rests. 


The  brain  more  than  any  other  organ  stands  in  need  of  a sufficient 
supply  of  blood.  The  united  cross-section  of  the  four  arteries  which  supply 
it,  however,  hears  a by  no  means  constant  relation  to  the  size  of  the  brain  ; 
on  the  contrary,  it  varies  within  wide  limits  (Li'/wenf eld). 

[Not  only  does  the  brain  require  a large  supply  of  blood,  but  the 
amount  supplied  to  the  organ  as  a whole  (and  still  more  the  amount 
distributed  to  its  several  parts)  must  be  capable  of  rapid  and  extensive 
fluctuations.  Nervous  tissues,  in  a more  conspicuous  degree  than 
others,  are  in  immediate  relation  to  lymphatic  spaces.  Every  nerve- 
cell lies  in  a little  bath  of  lymph,*  while  the  whole  cercbro-spinal  axis 
is  suspended  in  a sea  of  the  same  Huid,  from  which  it  extracts  its 
nutrients,  and  into  which  it  discharges  its  waste  products ; whilst  the 
balancing  of  the  spinal  cord  in  the  centre  of  the  vertebral  canal,  by 
means  of  the  ligamentum  denticulatum,  and  the  support  of  the  brain 
upon  the  sinus  subarachnoidalis  basalis,  protects  the  cerebro-spinal 
axis  from  sudden  jars.  The  enclosure  of  the  brain  within  the  skull 
places  the  circulation  under  certain  difficulties,  but  the  abundant 
lymph  serves  to  carry  off  any  excess  of  pressure  due  to  vascular 
turgescence.  The  venous  sinuses,  unlike  veins  in  other  parts  of  the 
body,  are  incapable  of  distension.  The  communications  between  the 
intra-cranial  sinuses  and  the  veins  outside  the  skull,  established  by 
the  emissary  veins  of  Santorini  (which  traverse  the  frontal,  parietal, 
mastoid,  posterior  condyloid,  and  other  foramina),  serve  to  keep  down 
the  pressure  in  the  sinuses.  Doubtless  the  rearrangement  of  the  central 
grey  matter,  which  occurs  where  the  medulla  oblongata  replaces  the 
spinal  cord,  is  due  to  the  need  for  distributing  to  the  general  lymph  the 
pressure  produced  by  local  turgescence  of  the  very  important  centres  in 
this  part  of  the  axis,  instead  of  allowing  an  active  centre  injuriously  to 
compress  its  neighbours.  The  membranous  roofs  of  the  fourth  and  third 
ventricle  confine  the  lymph  less  closely  than  would  solid  nerve-tissue. 
It  has  been  suggested  that  the  veins,  which  fill  up  the  spaces  between  the 
great  arteries  that  enter  the  base  of  the  skull  and  the  margins  of  the 
holes  through  which  they  pass,  may  serve  as  a self-regulating  apparatus 
for  the  supply  of  blood  to  the  brain,  the  veins,  when  distended,  pressing 
upon,  and  so  diminishing  the  calibre  of  the  arteries  ; but  the  difference 
in  pressure  between  the  arterial  and  venous  blood,  in  favour  of  the 
former,  seems  to  make  this  impossible. 

The  experiments  of  Gorin  show  that  the  pressure  in  the  several  arteries 
which  supply  the  brain  is  very  uniform.  Even  when  three  out  of  the  four 
great  affluents  of  the  circle  of  Willis  were  tied,  the  pressure  in  the  circle 
was  unaffected.] 

* The  cerebro-spinal  fluid  is  functionally  equivalent  to  lymph. 
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In  most  animals  the  part  played  by  the  carotid  and  vertebral  arteries 
respectively  in  supplying  the  brain  with  blood  is  different  to  what  it  is 
in  Man. 

As  compared  with  the  carotids  the  vertebrals  in  most  rodents  and 
some  other  animals  are  very  much  the  more  strongly  developed.  On 
the  other  hand,  in  ruminants  (as  well  as  in  the  pig,  and,  probably,  in 
the  leopard)  the  vertebral  arteries  do  not  directly  reach  the  brain.  In 
these  animals  both  carotids  form  a rete  mirabile  on  the  base  of  the  skull 
outside  the  dura  mater;  not  till  it  has  passed  this  plexus  does  the 
carotid  reach  the  base  of  the  brain  and  unite  with  the  basilar  to  form 
the  circulus  Willisii.  The  basilar  artery  is  continued  backwards  on 
the  ventral  surface  of  the  spinal  cord  as  the  arteria  spinalis  anterior. 
The  two  vertebral  arteries  remain  all  the  time  outside  the  dura  mater, 
and  only  anastomose  with  the  rete  mirabile. 


The  above-described  typical  arrangement  of  the  great  arteries  on 
the  base  of  the  brain  is  subject  to  frequent  variations  of  greater  or  less 
physiological  importance. 

We  will  mention  the  commoner  variations  in  the  circle  of  Willis. 
There  may  be  several  anterior  communicating  arteries;  or,  on  the  other 
hand,  this  artery  may  be  altogether  wanting,  the  anterior  cerebrals  growing 
together  after  an  independent  course  of  some  distance. 

The  name  of  arteria  corporis  callosi  media  is  given  to  an  unpaired 
mesial  branch  which  often  takes  rise  from  the  anterior  communicating 
artery  and  passes  over  the  corpus  callosum.  It  is  constant  in  some  apes. 

Sometimes  both  anterior  cerebral  arteries  are  almost  entirely  derived 
from  the  same  carotid  artery  (fig.  215).  In  this  case  there  is,  as  a rule,  a 
small  branch  of  communication  with  the  other  side,  connecting  the  anterior 
cerebral  artery  which  comes  from  the  opposite  carotid  with  the  carotid  of 
its  own  side  (a).  In  the  same  way  it  may  happen  that  the  posterior  cere- 
bral artery  does  not  come  off  from  the  basilar,  but  from  the  carotid  of  the 
same  side  ; being  only  connected  with  the  anterior  end  of  the  basilar  artery 
by  an  inconspicuous  anastomosis  (5).  In  this  case  the  posterior  communicat- 
ing artery  must  be  very  strongly  developed.  The  posterior  communicating 
artery  may,  on  the  contrary,  be  wanting  on  one  side. 

Sometimes  a fairly  large  vessel  takes  rise  from  the  carotid  within  the 
sinus  cavemosus  and  turns  backwards  towards  the  basilar  artery.  This 
has  been  repeatedly  observed,  and  always  in  conjunction  with  abnormal 
weakness  of  the  vertebral  system. 

Very  often  the  origin  of  the  basilar  artery  from  the  junction  of  the  two 
vertebrals  is  indicated  by  the  presence  of  a longitudinal  septum  in  its 
interior ; indeed  the  artery  may  be  doubled  for  a certain  distance,  forming 
an  ‘ island  ’ (c).  Very  often  the  two  vertebral  arteries  are  not  equally 
strong ; usually  it  is  the  right  which  is  the  thinner. 

In  cases  in  which  the  abnormality  marked  h in  fig.  215  occurs,  the 
arteria  vertebralis  on  the  same  side  is  apt  to  be  extremely  weak,  This  is 
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due  to  the  fact  that  the  arteria  basilaris  originates  from  the  blending  of  the 
two  vertebral  arteries.  The  vertebral  artery  may  also  bend  round  almost 
completely  into  the  arteria  cerebelli  inferior,  its  connection  with  the  basilar 
artery  being  maintained  only  by  a thin  branch. 


The  vessels  of  the  brain  differ  in  no  respects  from  those  of  other  organs 
in  their  minute  structure  ; the  veins  of  the  brain  are  deA’oid  of  valves. 

Only  the  most  important  diseases  of  the  large  vessels  of  the  brain 
will  be  mentioned. 

Embolism  is  frequent.  In  three-fourths  of  the  cases  it  is  the  arteria 
fossa;  Sylvii  which  is  affected.  Left  and  right  equally  often. 

Autochthonous  thrombosis  of  the  arteries  of  the  brain  must  be  distin- 
guished from  embolism. 

Thrombosis  of  the  sinuses  is  not  rare.  Aneurysmal  enlargement  of 
the  basal  vessels  is  relatively  uncommon.  According  to  tables  drawn  up 
by  Lebert,  out  of  86  cases  of  aneurysms  of  the  vessels  of  the  brain  the 
basilar  artery  was  affected  31  times,  the  middle  cerebral  21.  The  remain- 
ing cases  were  divided  amongst  other  arteries.  The  left  side  is  more 
frequently  affected  than  the  right. 

A high  degree  of  distension  of  the  basal  arteries  may  follow  upon  a 
process  of  endarteritis,  giving  the  whole  circulus  Willisii,  and  especially 
the  arteria  basilaris  (which  is  1 ‘5  cm.  in  diameter)  a swollen  and  mis-shapen 
look. 

Atheromatous  degeneration  is  almost  always  met  with  in  the  vessels 
of  the  brains  of  old  people.  Sometimes  it  is  difficult  to  distinguish  an 
atheromatous  degeneration  from  syphilitic  disease.  The  latter  disease 
is  due  to  the  growth  of  granulations  or  infiltrations,  originating,  probably, 
in  the  capillaries  which  supply  the  muscular  coat  of  the  vessel  (vasa 
vasorum).  The  infiltration  is  spread  out  in  the  intima,  and  especially 
between  the  epithelium  and  the  membrana  fenestrata.  Often  in  such 
cases  of  syphilitic  disease  a many-layered  fenestrated  membrane  is  seen, 
indicated  in  cross-section  by  a number  of  clear,  highly  refracting,  waving 
lines.  Hculmer  thinks  that  this  is  a new  formation ; but  it  is  possible  that 
it  is  due  to  splitting  of  the  fenestrated  membrane  by  the  intercalation  of 
granulations  ( Rump/ ). 

Syphilitic  disease  is  distinguished  from  atheromatous  disease  by  its 
greater  tendency  to  active  overgrowth  and  extension  (even  leading  to 
thrombosis  of  the  artery) ; while  atheroma  soons  ends  in  a retrogressive 
process  leading  to  calcification  and  fatty  degeneration. 
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ROTATION  OF  THE  GREAT  BRAIN. 

In  the  spring  of  1885  the  translator  propounded,  as  part  of  a general 
scheme  of  the  structure  of  the  central  nervous  system,  the  theory  that  the 
mammalian  brain  during  its  growth  rotates  upon  itself.*  The  rotation 
produces  a loop  or  kink,  giving  to  the  whole  brain  somewhat  the  form  of  a 
ram’s  horn,  and  bringing  the  part  which  was  at  first  in  front,  on  to  the 
under  side  of  the  back.  At  its  first  formation  the  cerebral  hemisphere  of 
the  mammalian  brain  is  directed,  like  that  of  the  reptile,  straight  forwards  ; 
the  foramen  of  Monro  opens  into  the  back  of  its  ventricle,  the  anterior  end 
of  the  hemisphere  bears  the  olfactory  bulb.  In  the  adult  condition  the 
foramen  of  Monro  opens  into  the  front  of  the  ventricle,  the  olfactory 
apparatus  is  attached  through  the  pyriform  lobe  (gyrus  uncinatus)  to  the 
inner  side  of  the  temporo-sphenoidal  lobe. 

This  view  as  to  the  alteration  in  position  of  the  great  brain  was  the 
almost  necessary  deduction  from  certain  conclusions  as  to  the  connections 
of  the  olfactory  tract  with  the  anterior  end  of  the  optic  thalamus,  vid  the 
fimbria,  fornix,  descending  pillar  of  the  fornix,  corpus  mammillare,  and 
bundle  of  Vicq  d’Azyr. 

There  are  many  reasons  for  believing  that  the  olfactory  nerve  is 
connected  in  this  way  with  the  anterior  end  of  the  optic  thalamus,  and  the 
circuitous  route  just  sketched  out  is  by  no  means  difficult  to  follow.  Its 
path  is  easily  broken  off  from  a hardened  brain,  of  which  it  seems  to  form 
an  organically  distinct  part,  as  shown  in  the  accompanying  sketch ; and 
apart  from  the  question  of  the  arrangement  in  adult  anatomy,  we  have,  as 
will  be  shown  presently,  a certain  amount  of  embryological  evidence  in 
favour  of  this  extensive  displacement  of  the  olfactory  tract.  The  formula- 
tion of  such  a path  for  the  fibres  of  the  olfactory  tract  almost  necessarily 
presupposes  a rotation  of  the  brain ; but  it  is  not  this  connection  only 
which  the  theory  renders  intelligible.  Many  other  features  in  the  plan 
of  formation  of  the  great  brain  are  accounted  for  by  this  supposition  of 
its  rotation. 

Among  external  appearances,  the  most  suggestive  is  the  progressive 
* The  Plan  of  the  Central  Nervous  System.  Cambridge  : Deigliton,  Bell  & Co.,  1685. 
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closing  in  of  the  fossa  of  Sylvius.  The  fissure  of  Sylvius,  as  has  been  shown 
(p.  99),  is  not,  for  the  greater  part  of  its  extent,  in  any  way  comparable 
with  the  other  fissures  of  the  brain,  since,  instead  of  being  formed  like 
them,  as  a narrow  slit-like  depression  on  the  smooth  rounded  surface,  it 
makes  its  appearance  before  any  other  fissure,  if  we  except  the  so-called 
rhinal  fissure,  as  a dimpling  of  the  mid  part  of  the  outer  surface  which 
gradually  deepens  into  an  extensive  shallow  fossa.  The  appearance  of  this 
fossa  is  due,  apparently,  to  the  traction  exercised  upon  a part  which  will 
subsequently  become  the  tcmporo-sphenoidal  lobe  by  its  attachment  through 
the  olfactory  tract  and  bulb,  to  the  cribriform  plate  of  the  ethmoid.  As 
the  great  brain  sw’ells,  a pitting  of  the  outer  surface  is  the  necessary  result 
of  the  attachment  of  its  olfactory  part  to  the  skull.  The  fossa  of  Sylvius 
is  subsequently  converted  into  the  fissure  of  Sylvius,  a Y-shaped  fissure, 
with  a common  portion  dividing  into  an  anterior  and  a posterior  limb,  by  the 


Fig.  218. — Fornix,  pyriform  lobe  and  olfactory  bulb,  broken  off  from  the 
hardened  brain  of  the  Ox. 

outgrowth  in  three  swellings  of  the  surface  of  the  brain  which  borders  it ; the 
operculum  coming  down  between  the  limbs  of  the  Y>  the  frontal  and  tcmporo- 
sphenoidal  lobes  closing  up  beneath  the  operculum.  The  want  of  homology 
between  the  fissure  of  Sylvius  and  other  fissures  is  shown  by  its  enclosing 
a considerable  cortical  area,  the  island  of  Red,  which  originally  formed  the 
floor  of  the  fossa.  The  fan-like  arrangement  of  the  fissures  of  the  island 
of  ltcil  indicates  plainly  enough  the  direction  in  which  traction  was  exerted. 

When  viewing  the  outer  surface  of  any  mammalian  brain,  it  is  easy 
to  convince  oneself  that  it  has  undergone  a rotation,  and  that  the 
position  of  its  parts  has  been  altered  from  the  form  maintained  amongst 
fishes,  amphibia,  and  reptiles  (for  special  reasons  it  is  better  to 
exclude  from  the  comparison  the  bird’s  brain)  in  such  a way  that  the 
tcmporo-sphenoidal  lobe  of  the  mammal’s  cerebrum  corresponds  to  the 
anterior  end  of  the  brain  of  lowrer  vertebrates. 

2 I 
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Following  closely  upon  the  external  form,  the  delimitation  of  the 
cortex  into  areas  associated  with  peripheral  nerves,  presents  itself  as 
a test  by  which  to  try  the  theory.  Recently,  chiefly  as  the  result  of 
ablation  experiments,  the  function  of  almost  every  part  of  the  cortex 
has  been  determined,  and  although  we  are  as  yet  far  from  possessing 
an  accurate  distributional  map,  we  can  nevertheless  speak  with  assurance 
as  to  the  general  partition  of  work  among  its  several  territories. 
Undoubtedly  the  anterior  end  of  the  brain,  particularly  the  Rolandic 
area,  is  in  connection  through  the  mediation  of  the  grey  matter  of  the 
spinal  cord  with  the  body  nerves.  The  localities  in  which  sensations 

are  received  through  the  8th  and  5th  nerves,  lie  somewhere  in  the 
neighbourhood  of  the  fissure  of  Sylvius ; the  2nd  nerve  has  its  area  of 
cortical  distribution  in  the  occipital  lobe — the  1st  nerve  on  the  inner 
side  of  the  temporo-sphenoidal  lobe.  Better,  even,  than  direct  experi- 
ment, the  observation  of  brains  of  animals  remarkable  either  for  pre- 
ponderance or  for  deficiency  of  particular  senses,  will  help  us  to  map 
out  the  cortex  into  functional  areas  (see  p.  336,  figs.  165,  166,  167). 

Whatever  method  be  adopted  for  obtaining  the  necessary  data,  any 

sketch  of  the  brain  in  which  functional  distribution  is  indicated,  shows 
clearly  enough  that  the  order  from  before  backwards  in  which  the 
areas  connected  with  the  several  nerves  are  situate,  is  in  its  largest 

features  the  reverse  of  that  which  obtains  among  the  nerves  them- 
selves. In  considering  the  bearing  upon  the  question  of  the  territorial 
allocation  of  the  brain  surface,  it  is  important  to  have  in  one’s  mind  a 
clear  picture  of  the  process  of  histogenetic  differentiation  of  the  nervous 
system.  The  cells  from  which  nerve  processes  (fibres)  extend  into  the 
cortex  lie  in  the  central  grey  tube.  As  yet  we  have  no  means  of 
telling  how  they  are  guided  to  the  particular  areas  in  the  cortex  in 
which  they  are  distributed.  Is  the  connection  between  those  areas 
and  the  primary  centres  in  the  cord  determined  from  the  first  involu- 
tion of  the  neuro-epithelial  tube,  or  is  such  a connection  established 
in  a way  which,  for  want  of  knowledge  of  the  laws  by  which  it  is 
governed,  may  for  the  time  be  called  ‘ by  chance  ’ ? When  the  pro- 
cesses from  a certain  group  of  cells  in  the  central  grey  tube  take 
possession  of  a particular  area  of  the  cortex,  are  they  guided  to  this 
area  merely  by  its  situation  in  relation  to  the  skull-case  or  head,  or 
owing  to  its  primitive  relation  to  the  axis  of  the  brain?  Does  the 
differentiation  of  the  motor  cells  in  the  cortex  precede  the  reception 
in  this  tissue  of  the  sensory  cell-processes,  or  does  it  depend  upon  their 
reception  and  the  need  thus  established  for  a descending  limb  of  the 
reflex  arc  ? Many  similar  problems  present  themselves  to  warn  us  that 
we  must  not  lay  too  much  stress  upon  the  allocation  of  the  cortex  to 
specific  functions  until  we  are  far  better  equipped  than  at  present  with 
genetic  data.  It  is  sufficient  for  our  purpose  to  consider  only  the  larger 
groups  of  cortical  centres.  The  arrangement  of  their  sub-centres,  as 
determined,  for  instance,  in  the  marginal  gyrus  by  Horsley  and  Schafer, 
may  for  the  present  be  regarded  as  a later  allocation. 
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The  body  nerves  have  their  cortical  areas  in  front,  and  are  followed 
by  the  nerves  of  the  head ; of  these  latter  the  optic  nerve  is  indirectly 
connected  with  the  hack  part  of  the  tipper  surface,  while  the  olfactory 
has  its  area  in  what  we  take  to  he  the  reflected  portion.  It  seems  as 
if  the  rotation  or  kinking  over  from  before  backwards  were  accompanied 
by  a certain  displacement  from  above  downwards  and  outwards. 

Passing  now  to  the  internal  structure  of  the  hemisphere,  so  far 
as  the  course  of  fibres  within  its  white  substance  is  sufficiently  well 
known  to  help  us,  we  find  further  evidence  of  rotation.  Leaving  out 
of  consideration  all  doubtful  tracts,  we  have  the  classical  observations 
of  Gratiolet , which  have  been  frequently  confirmed,  to  show  that  the 
anterior  end  of  the  optic  thalamus  is  connected  through  its  inferior 
peduncle  with  the  temporal  lobe,  the  posterior  end  of  the  thalamus 
through  the  ‘optic  radiations’  with  the  occipital  lobe.  Numberless 


Fig.  219.— Diagram  showing  the  tracts  of  libres  which  connect  the  central  grey  tube 
with  the  cortex.  The  front  of  the  thalamus  is  connected  with  the  temporal  lobe, 
the  back  of  the  thalamus  with  the  occipital  lobe,  and  the  spinal  cord  with  the 
Rolandic  area. 

recent  observations  have  placed  the  connection  of  the  grey  matter  of 
the  spinal  cord  with  the  frontal  and  parietal  lobes  by  means  of  the 
pyramidal  tracts  which  occupy  the  anterior  part  of  the  internal  capsule, 
beyond  doubt.  These  three  sets  of  fibres  (1)  of  the  internal  capsule, 
(2)  optic  radiations,  and  (3)  inferior  peduncle,  obviously  cross  one 
another,  as  shown  in  the  accompanying  diagram  (fig.  219),  plainly  indi- 
cating that  the  cortex  of  the  cerebrum  and  the  grey  matter  of  the  basal 
part  of  the  system  extend  in  contrary  directions.  The  force  with  which 
the  crossing  of  these  three  sets  of  fibres  appeals  to  the  translator , will 
become  apparent  if  his  view  as  to  the  fundamental  plan  of  construction 
of  the  central  nervous  system  is  borne  in  mind.  The  system  arises  as 
an  involuted  tube  of  epiblast.  Throughout  the  spinal  region  the  inner 
wall  of  the  tube  becomes  grey  matter;  the  outer  wall  constitutes 
the  white  columns  of  fibres.  In  the  cephalic  region  a second  layer 
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ot  grey  matter,  the  cortex,  is  added  on  the  outer  side  of  the  tube ; 
all  the  grey  matter  of  the  system  grows  from  one  or  other  of  these 
two  grey  layers.  In  the  spinal  cord,  which  only  contains  the  tube 
of  grey  matter  which  borders  the  central  canal,  are  situate  all  the 
primary  centres  of  the  body  nerves ; the  grey  matter  contains  the  nerve- 
cells  and  plexus  for  the  origin  of  motor  and  the  reception  of  sensory 
fibres  belonging  to  each  metamer.  Travelling  up  into  the  brain,  no  break 
in  the  continuity  of  the  grey  matter  is  to  be  observed.  It  lies  in  the 
floor  of  the  fourth  ventricle,  around  the  aqueduct,  and  in  the  sides 
and  floor  of  the  third  ventricle.  No  one  doubts  the  continuity  of  plan 
as  far  as  the  anterior  end  of  the  iter ; but  hitherto  it  has  not  been 
recognised  that  the  grey  matter  bordering  the  third  ventricle  is  in 
functional  continuity  with  the  grey  matter  of  the  cord.  The  optic 
thalami  are  treated  of  as  ‘ basal  ganglia.’  The  olfactory  and  optic 
nerves  are  deprived  of  primary  centres  such  as  are  accorded  to  all 
other  sensory  nerves.  The  modifications  in  structure  of  the  central 
system,  due  to  the  situation  peripherally  in  the  olfactory  bulb  and 
retina  of  some  of  the  grey  matter,  have  been  already  pointed  out 
(p.  328).  The  differences  in  structure  between  the  thalamus  and 
the  rest  of  the  central  grey  matter  do  not  indicate  a want  of  homology, 
but  a partial  homology,  the  homology  of  the  thalamus  with  the  sensory 
constituents  of  grey  matter  of  the  spinal  cord  minus  those  elements  which 
in  the  case  of  the  first  two  nerves  are  extra-axial,  in  the  bulb  and  retina. 
If  the  optic  thalamus  is  part  of  the  anterior  end  of  the  central  grey 
tube,  the  attachment  of  the  extreme  anterior  end  of  the  thalamus  with 
the  temporo-sphenoidal  lobe,  . and  the  back  of  the  thalamus  with  the 
occipital  lobe,  and  of  the  grey  matter  of  the  spinal  cord  with  the 
front  of  the  hemisphere,  supplies  the  strongest  possible  evidence  of 
rotation. 

Passing  now  to  the  consideration  of  one  of  the  chief  inter-cerebral  tracts, 
we  find  in  the  arrangement  of  the  fibres  of  the  anterior  commissure  evidence 
of  rotation  of  a most  convincing  kind.  Fig.  220,  which  is  a copy  of  the 
picture  on  page  490  of  Schwalbe’s  Neurologic,  accurately  represents  the 
peculiar  twisting  which  the  anterior  commissure  has  undergone.  It  looks 
as  if  the  middle  of  the  commissure  had  been  fixed,  while  its  ends  were 
twisted  in  such  a way  that  the  fibres  which  cross  the  median  line  on  its 
under  side,  pass  round  in  front  to  reach  the  upper  side  at  its  extremities  ; 
just  such  a torsion  as  would  be  produced  by  the  rotation  of  the  hemi- 
sphere round  an  axis  situate  just  below  and  in  front  of  the  foramen  of 
Monro. 

In  addition  to  the  demonstration  which  the  twisting  of  the  anterior 
commissure  affords  of  the  fact  of  rotation,  peculiar  interest  attaches  to  it, 
since  it  enables  us  to  fix  approximately  the  time  at  which  rotation  takes 
place.  It  must  occur  after  this  commissure  is  formed.  There  can  be  no 
doubt  that  the  anterior  commissure  appears  very  early  in  the  mammalian 
brain,  for  although  we  have  no  exact  observations  as  to  the  time  of  its 
appearance  in  the  individual,  this  conclusion  may  be  drawn  from  its  great 
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prominence  in  the  lower  forms  of  vertebrates.  It  is  par  excellence  the 
commissure  of  birds  and  reptiles.  The  existence  of  a rudimentary  coipus 
callosum  in  birds  was  assumed  by  Meckel , but  the  view  of  Shed  a,  that 
no  such  structure  exists,  is  endorsed  by  most  observers,  Ha bl-llukh ai  d 
and  Bellonci  inter  al  On  the  other  hand,  Stieda  recognises  the  existence 
of  a corpus  callosum  in  reptiles,  but  denies  it  in  amphibia,  where  Leurei, 


S.pp. 


Fig.  220. — Diagrammatic  view  of  the  under  side  of  the  brain,  after  Schwalbe.  In  front 
of  the  optic  tracts  the  superficial  substance  of  the  base  of  the  brain  has  been  dis- 
sected away  so  as  to  expose  the  ansa  peduncularis,  anterior  commissure,  and  basal 
aspect  of  the  nuclei  lenticulares. — l.s.p.,  Septum  pellucidum  ; v.  1. , anterior  horn  of 
lateral  ventricle;  n.l.,  nucleus  lenticularis ; c.a.,  anterior  commissure;  c.a'., 
twisted  portion  of  ditto  ; v.III.,  third  ventricle  ; g.c.,  genu  corporis  callosi ; e.g.m., 
corpus  geniculatum  mediale  ; c.g.l.,  corpus  geniculatum  laterale  ; c.m. , corpus 
mammillare ; pu.,  pulvinar ; v.V.,  fifth  ventricle;  II,  optic  nerve;  ch,  chiasma 
nervorum  opticorum ; t.o.,  tractus  opticus;  t.c. , tuberculum  cinereum ; III, 
oculomotor  nerve:  s.p.p.,  substantia  perforata  posterior;  pc,  pedunculus  cerebri ; 
p,  pons. 

Blattmann,  and  Reissner  had  found  it.  In  fishes,  the  commissures  appear 
to  be  fused,  so  that  no  distinction  between  the  corpus  callosum  and  anterior 
commissure  is  possible.  Osborn  believes  that  both  commissures  exist  in 
reptiles,  birds,  and  amphibia,  although  in  the  two  former  classes  the  corpus 
callosum,  owing  to  the  rudimentary  condition  of  the  cortex  in  these  animals,  is 
very  ill-developed.  But  the  fact  that  no  corpus  callosum  is  present  in 
any  monotreme  or  marsupial,  throws  great  doubt  upon  the  homology  of 
the  commissure  which  is  supposed  to  represent  it  in  sub-mammalian 
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vertebrates.  Its  occasional  absence  from  human  brains  also  proves  its 
late  appearance  in  the  phylogenetic  series.  The  cerebral  hemisphere  of  the 
bird,  and  to  a less  extent  of  the  reptile,  is  homologous,  not  with  the  entire 
hemisphere  of  the  mammal,  but,  as  pointed  out  by  Cuvier , with  little  more 
than  the  corpus  striatum. 

Even  in  post-embryonic  life  there  is  some  indication  of  a shifting  round 
of  the  hemisphere.  The  fissure  of  Rolando  is  nearer  to  the  coronal  suture 
in  the  child  than  it  is  in  the  adult.  This  displacement  is  attributed  by 
Cunninjham  to  the  slighter  growth  of  the  frontal  bone  as  compared  with 
the  parietal ; but  if  the  parietal  bone  takes  on  an  undue  share  of  the 
growth  of  the  calvarium,  the  parieto-occipital  fissure  should  shift  forward 
with  regard  to  the  lambdoidal  suture,  whereas  it  also  shifts  backwards. 
Rather  there  is  evidence  of  the  slower  growth  of  the  calvarium  relatively  to 
the  brain,  although  the  skull  also,  to  a certain  extent,  follows  the  shifting 
round  of  its  contents. 

The  disposition  of  the  veins  of  the  hemisphere  and  the  changed  direction 
which  they  assume  during  development  strongly  supports,  as  Browning  has 
pointed  out,  the  theory  of  a rotation  of  the  brain  within  its  case.  The 
veins  which  open  into  the  front  of  the  longitudinal  sinus  join  this  vessel  at 
right  angles ; those  which  open  into  its  posterior  end  have  an  extremely 
oblique  course.  They  discharge  their  blood  under  what  appears  to  be  very 
unfavourable  conditions,  against  the  stream  in  the  large  vessel.  The 
obliquity  progressively  increases,  according  to  the  position  of  the  veins, 
from  before  backwards.  It  increases  from  early  foetal  life  until  the  growth 
of  the  brain  has  ceased.  The  obliquity  of  the  veins  which  open  into  the 
venae  Galeni  beneath  the  corpus  callosum  is  even  more  marked  than  in  the 
case  of  the  vessels  on  the  surface. 

Ontogeny. — Evidence  obtained  from  direct  observation  of  the  brain  in 
successive  stages  of  its  growth  must  obviously,  when  the  subject  is 
thoroughly  worked  out,  be  the  first  to  be  submitted  in  proof  of  the  rotation 
of  the  hemisphere.  As  yet,  however,  our  knowledge  of  this  subject  is  very 
incomplete,  owing  in  part  to  the  absence  of  research,  in  part  to  the  special 
difficulties  dependent  upon  the  nature  of  the  tissue  of  which  the  brain 
is  composed.  Unlike  other  tissues  of  the  body,  the  nervous  tissue  is 
peculiarly  plastic.  In  the  course  of  its  growth  it  may  receive  marks  of 
torsion  and  other  displacements,  but,  while  elsewhere  such  marks  remain 
permanently,  in  the  brain  they  are  obliterated  by  further  growth.  The 
manner  in  which  its  mass  is  added  to  also  has  an  important  bearing  upon 
its  form.  It  must  be  remembered  that  only  the  cellular  elements  enter 
into  its  original  constitution ; the  fibres  are  but  processes  of  the  cells.  Of 
the  primitive  epiblastic  cells  involuted  to  form  the  nervous  tube,  some  are 
favoured  above  the  rest  and  become  the  functional  nervous  elements,  while 
to  the  others  only  subsidiary,  supporting,  nutritive,  and  insulating  functions 
are  assigned  ; the  latter  become  the  neurogleia  and  myelin-cells;  just  as  in 
the  case  of  each  little  group  of  epithelial  cells  involuted  into  a follicle  of 
the  ovary,  one  only  becomes  an  ovum,  the  others  minister  to  its  wants.  It 
may  be.  therefore,  that  the  line  along  which  a nerve-fibre  is  to  grow  is  laid 
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down,  before  the  fibre  itself  appears,  by  the  chain  of  accessory  cells  which 
have  taken  up  their  position  along  its  route ; or,  on  the  other  hand,  it  is 
open  to  us  to  suppose  that  the  route  chosen  by  a fibre  depends  upon  con- 
venience at  the  time  of  its  appearance,  and  that  the  marshalling  of  the 
myelin-cells  in  files  results  from  some  stimulus  which  the  growing  fibre 
affords.  If,  owing  to  a displacement  of  the  cortex,  it  can  reach  its  destina- 
tion by  a shorter  route  than  the  tract  occupied  by  neighbouring  fibres 
which  being  fully  developed  at  the  time  of  the  rotation  of  the  brain,  shared 
in  the  displacement  of  the  cortex,  it  is  open  to  it  to  leave  the  original  tract, 
and  thus  the  primitive  arrangement  of  the  constituent  parts  of  the  brain 
may  be  masked.  Despite,  however,  the  obliteration  of  the  indications  of 


Fig.  221. — Early  foetal  brain. 


Fig.  222. — Brain  of  fcetal  sheep  in  which  the 
rhinal  fissure  is  developed  and  separates  the 
pyriform  lobe  from  the  rest  of  the  cerebrum. 
Its  distinctness  is  exaggerated  in  the  wood- 
cut. 


Fig.  223. — Diagrammatic  view  of 
the  under  surface  of  the  brain 
of  a young  rabbit. 


rotation  which  these  two  causes  are  likely  to  produce,  we  still  can  see  in 
the  changes  of  form  which  the  great  brain  undergoes  appearances  suggestive 
of  rotation.  This,  at  least,  is  the  conclusion  likely  to  be  drawn  from  the 
examination  of  three  such  pictures  as  are  here  inserted. 

In  fig.  ’221,  copied  from  Lowe,*  a very  early  stage  in  the  growth 
of  the  brain  is  shown ; the  hemisphere  is  directed  forwards  and  bears 
the  olfactory  bulb  at  its  anterior  end.  Fig.  222  represents  the  appearance 
presented  by  almost  every  mammalian  brain  after  the  formation  of  the 
rhinal  fissure.  The  olfactory  bulb  is  now  attached  to  the  extremity  of 
the  pyriform  lobe,  and  the  suggestion  of  a folding-over  of  the  whole 
hemisphere  is  very  strong.  The  pitting  of  the  side  of  the  brain,  due  to  the 
* Li>we,  EntimrTcehmgsgcschichlc  dcs  Nervcnsy stems,  PI.  I.  figs.  1 and  2. 
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tension  on  its  posterior  end  produced  by  the  attachment  of  the  olfactory 
bnlb  to  the  cribriform  plate,  is  beginning  to  appear  as  the  fossa  of  Sylvius. 
Fig.  223,  again  after  Lowe,  is  inserted  for  the  purpose  of  showing  the 
continuity  of  the  olfactory  bulb,  pyriform  lobe,  and  gyrus  uncinatus  in  a 
rabbit’s  brain.  Fig.  224  shows  the  hippocampus  exposed  from  above  by 
cutting  away  the  roof  of  the  lateral  ventricle.  It  is  curious  to  notice  how 
the  backward  growth  of  the  hemisphere  increases  the  size  of  the  loop. 
In  the  brain  of  a sheep,  for  instance,  the  fimbria  (posterior  pillar  of  the 
fornix)  is  transverse  at  its  first  appearance.  The  higher  the  animal  in  the 
mammalian  scale,  the  more  nearly  does  its  fornix-system  assume  a 
longitudinal  direction. 

Of  the  earliest  stages  of  the  growth  of  the  brain  we  have  very  few 
observations,  but  Marshall’s  discovery  that  the  olfactory  nerve  arises, 
like  all  other  sensory  nerves,  from  the  neural  ridge,  and  that  it  is  then 
pushed  down  in  front  by  the  outgrowth  of  the  cerebral  hemispheres,  to 
bo* again  caught  up  in  the  cortex  mantle,  opens  up  great  possibilities  with 
regard  to  the  relation  of  the  olfactory  apparatus  to  the  hemisphere,  and 


Fig.  224. — Brain  of  rabbit.  The  upper  part  of  the  cerebrum  has  been  cut  away 
so  as  to  expose  the  hippocampus. 

prepares  us,  although  the  research  has  gone  no  further,  to  find  an 
arrangement  in  the  first  nerve  quite  unlike  that  of  the  others. 

Phylogeny. — The  reference  already  made  to  the  marsupial  brain  has 
drawn  attention  to  the  fact  that  in  lower  mammals  the  rotation  has 
('one  less  far  than  it  has  in  the  higher  members  of  the  class.  Whether 
or  not  it  is  a phase  in  the  development  of  any  sub-mammalian  animals, 
we  are  not  prepared  to  state.  Certain  it  is  that,  if  we  (lescend  as  far  as 
the  reptiles,  rotation  is  out  of  the  question.  As  already  pointed  out,  the 
reptilian  brain,  like  the  brain  of  the  early  mammalian  embryo,  is  directed 
forwards,  its  ventricle  communicating  at  the  back  with  the  third  ventricle 
through  the  foramen  of  Monro,  and  ending  in  the  ventricle  of  the  olfactory 
bulb  in  front.  The  great  gap  between  the  bird’s  and  the  mammal’s  brains, 
although  bridged  over  by  the  brain  of  the  monotreme,  renders  it  difficult 
to  point  out  the  first  animal  in  which  the  brain  has  adopted  a looped 
disposition.  The  peculiar  deficiency  of  cortex  in  the  bird’s  brain  renders 
rotation  unnecessary,  since  the  reason  for  rotation  is  not  far  to  seek.  If 
we  compare  such  an  extreme  type  as  the  crocodile  with  any  mammal,  we 
notice  a contrast  in  the  whole  architecture  of  the  head.  The  reptilian 
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head  is  directed  forwards ; is  elongated  in  the  direction  of  the  axis  of  the 
body.  The  mammalian  head  approaches  a globular  form.  With  the 
greatly  increased  size  of  the  cerebrum  as  we  ascend  in  the  vertebrate  scale, 
economy  of  space  for  its  reception  becomes  necessary.  Doubtless,  for 
other  reasons  also,  a shortening  of  the  head  is  desirable,  and  the  larger 
brain  can  only  be  packed  inside  the  shorter  skull  by  throwing  its  hemi- 
spheres over  into  loops. 


GLOSSARIAL  INDEX. 


German  names  with  the  English  equivalents  used  in  this  translation. 

Latin  and  English  names  fur  parts  of  the  central  nervous  system  with  common 
synonyms  and  their  German  and  French  equivalents* 


A 


Abducenskern,  abducent  nucleus. 

Abducent  nerve.  See  Ncrvus  abduccns. 

,,  nucleus,  ...... 

Abscess  in  the  brain,  ..... 

Accelerator  fibres,  ...... 

Accessorius  spinalis,  ..... 

,,  vagi,  scu  cerebralis,  .... 

,,  Willisii,  ..... 

Accessory  auditory  nucleus,  .... 

,,  olives,  ...... 

Acervulus  cerebri,  ...... 

Acromegalia,  ...... 

Actinomycosis,  ...... 

Adergeflechte  des  Grosshirns,  choroid  plexus. 

,,  ,,  Kleinhirns,  choroid  plexus  of  cerebellum. 

Adergeflechtsfurche,  choroidal  fissure,  transverse  fissure. 
Aditus  ad  aquseduetum,  ..... 

Adventitia  of  blood-vessels,  .... 

Adventitial  lymph  space,  ..... 

,,  sheath,  ..... 

Aeussere  Kapsel,  external  capsule. 

Aeusserer  Kern  der  Keilstrange,  nucleus  funiculi  cuneati. 
Affenspaltc,  ...... 

After-brain,  medulla  oblongata,  Nachhirn, 
Akusticushauptkern,  auditory  nucleus,  chief. 
Akusticuskern  accessorischer,  auditory  nucleus,  accessory. 

,,  grosszelliger,  auditory  nucleus,  large-celled. 

Akusticuswurzel,  aufsteigende,  auditory  root,  ascending. 

,,  laterale,  auditory  root,  lateral. 

,,  mediale,  auditory  root,  mesial. 

Ala  cinerea,  ...... 

,,  lobuli  centralis,  

„ Fontis, 


l'AOE 


273,  274,  275,  295 
. 465 

214,  215 
. 380 

380,  381 
380-382 


270,  366 


369,  370,  374 
262,  295,  314 
. 471 

. 472 

. 485 


62 

173,  182 
. 174 

. 133 


117,  118 
47,  52 


. 54,  66 
61 

53,  67,  266 


* No  attempt  lias  been  made  to  render  this  Glossary  complete.  French  terms  are  not  given  when 
their  form  of  expression  is  very  similar  to  English. 
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PAOE 


Alum-hasmatoxylin,  . . . . . . . .17 

Alveus,  Muldenblatt,  feuillct  de  la  conquc,  . . • 453,454,455,  456,457 

Ammonia-carmine,  . . . . . . . . .14 

Ammonshorn,  cornu  Ammonis. 

Amygdala  cerebelli,  Mandel,  tonsil,  ......  60,  79 

Amyloid  bodies,  . . . . . . . . 185,  330 

Amyotrophic  lateral  sclerosis,  ....  248,  362,  365,  380,  384 

Anabolic  nerves,  .........  215 

Anaemia  of  the  spinal  cord,  . .....  249 

Angulus  lateralis,  . . . . . . . . . 58,  59 

Annectant  convolutions,  . . . ...  . . .93 

Anomalies  of  the  circle  of  Willis,  .......  486 

,,  of  convolutions,  . . . . . . 109,  111 

Anosmatic  animals,  .......  322,  323 

Ansa  intergenicularis,  . . . . . . . .73 

, nuclei  lenticularis,  Linsenkernschlinge,  arise  du  noyau  lenticulaire,  79,  288, 


289,  291,  293,  418,  424,  429 


,,  peduncularis,  sen  substantia  innominata,  Hirnschenkelschlinge,  V arise 


pi't/onculairc  ( Oratiolet ), 

. • 

. 293,  418,  421 

,,  Rolandica, 

. . • 

<\  428 

Anterior  column  of  spinal  cord.  See  Funiculus  anterior. 

,,  ependyma  wedge,  . . . . . 

. 223 

,,  horn  of  lateral  ventricle,  . 

... 

55,  76,  78,  88,  89,  501 

,,  ,,  spinal  cord.  See  Cornu  an terius. 

, , lobe  of  hypophysis,  .... 

. 471 

,,  spinal  nerve-roots, 

. 

29,  216,  224,  225 

,,  or  direct  pyramidal  tract,  . 

. 

225  232,  233,  235,  240,  305 

,,  of  the  two  hinder  vesicles, 

... 

47 

Apertura  inferior  ventriculi  quarti,  sen 

foramen  Magendii, 

68 

,,  lateralis,  ,,  ,, 

. 

68 

Apex  cornu  posterioris, 

200,  207 

Apolar  nerve-cells,  . 

. 

147,  149 

Apoplexy,  cerebellar, 

. 

. 413 

,,  cerebral, 

. . 

. 464 

,,  spinal,  . 

. 249 

Apycnomorplious  nerve-cells, 

. 158 

Aquteductus  Sylvii, 

. 70,  71 

72,  278,  282,  289,  301,  348 

Arachnoidea, 

... 

. 473,  480-482 

Arachnoid  plexuses, 

. 

480 

Arbor  vitae,  .... 

... 

62,  393 

Arborescent  system, 

127,  148,  193,  229 

Arme  der  Vierhiigel,  brachia  corporum  quadrigeminorum. 
Arnold’s  arcuate  fibres,  ..... 

434 

Arrhinencephalia,  . 

. . . 

111,  336 

Arteres  lenticulo-optiques,  . 

. 

. 489 

Arteria  auditiva, 

486,  487 

,,  basilaris, 

. 486,  492,  493 

,,  carotis  interna, 

486,  488,  489,  492 

,,  cerebelli  inferior  anterior,  . 

• 

486,  487 

».  >i  ).  posterior,  . 

. 

. 486 

,,  ,,  media, 

490 

,,  ,,  posterior,  . 

. 

. 490 

,,  ,,  superior,  . 

• 

486,  487 

,,  cerebri  anterior, 

. 

485,  486,  487,  488,  4S9 

,,  ,,  media, 

. 

486,  487,  488,  489 

,,  ,,  posterior, 

. 

. 486,  487,  488 
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Arteria  choroidea  anterior,  . 

,,  ,,  media, 

,,  ,,  posterior, 

,,  communicans  anterior, 

,,  ,,  posterior, 

,,  corporis  callosi, 

,,  ,,  „ media, 

,,  fossa;  Sylvii  seu  transversa  cerebri, 
,,  gyri  centralis  anterioris, 

,,  ,,  frontalis  inferioris, 

,,  ,,  uncinati, 

,,  lobi  temporalis, 

,,  lobuli  parietalis  inferioris, 

,,  profundse  cerebri,  . 

,,  vertebralis,  . 

Arterire  centrales,  . 

Arteries  (minute  structure), 

,,  at  the  base  of  the  brain, 

,,  of  the  cerebellum, 

,,  of  the  cerebrum, 

,,  of  the  dura  mater, 

,,  of  the  spinal  cord, 

Association  centres, 

,,  fibres,  . 

,,  layer,  . 

,,  systems, 

Astroblasts, 

Astrocytes,  . 

Asymmetry  of  the  brain, 

,,  of  the  cerebral  convolutions, 
Atheromatosis  of  blood-vessels  of  the  brain 
Atrophy  of  the  cerebellum, 

,,  of  the  great  brain, 

,,  of  nerve-cells, 

,,  congenital,  of  the  cerebellum, 

,,  senile,  of  the  cerebrum,  . 
Auditory  nerve, 

,,  ,,  mesial  root  of, 

,,  nucleus,  accessory, 

„ ,,  chief,  . 

,,  ,,  large-celled, 

,,  ,,  spinal  root  of,  . 

Auditory  root,  lateral, 

„ ,,  mesial, 

Axis-cylinder,  Primitivband,  Axenfaser, 
,,  „ process, 

,,  ,,  sheath  or  rind, 

,,  ,,  staining  of,  . 

,,  fibre,  .... 

,,  tract,  .... 


127, 


PAGE 

487,  488,  489 
. 489 

490 
486 
487,  488 
. 485 

492 
486,  493 
. 488 

. 488 

. 488 

. 488 

. 488 

. 487 

486,  492 
490 
. 172 

. 485 

411 
. 485 

. 476 

222,  242 
. 428 

198,  426,  428 
446 

203,  434,  435 
165 
. 167 

. 199 

109 

180,  181,  493 

412,  415 
110,  4S2 

. 158 

. 412 

413,  482 
365,  375 

270,  272,  275 
270,  366,  369,  370,  374 
64,  268,  270,  272,  281,  295 
271,  272 
266,  268,  271,  272 
. 270,  373,  374 
. 270,  373,  374 
127,  129,  134,  137,  141 
48,  149,  150,  153,  193,  407,  439,  443 

128,  130 
18,  128 
129 
154 


B 


Bacteria  in  nervous  tissue,  . 
Bahnen,  nervose,  nerve  tracts. 
Baillarger’s  stripes, 


186 

436,  441,  442,  416 
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Balken,  corpus  callosum. 

Balkenwindung,  gyrus  corporis  callosi. 

Bandclette  accessoirc  de  l' olive  supiricurc,  . 

Bandcldtc  de  la  voilte,  . . 

Bandclette  diagonale  de  Vcspace  quadrilateral, 

Bandclette  sous  oplique, 

Bandkern  oder  Vormauer,  claustrum. 

Basal  membrane  of  the  cerebellum, 

Basis  cornu  posterioris, 

Basket  cells,  .... 

Basophile  bodies,  .... 

Becliterew’s  nucleus, 

Beinerv,  nervus  accessorius  Willisii. 

Belegungskorper,  nerve-cells. 

Berg,  montieulus. 

Betz’s  giant  cells,  . 

Biconical  swelling,  . 

Bindearme,  brachia  conjunctiva. 

Bismarck-brown,  staining,  . 

Blood-pigment  in  the  adventitia, 

Blood-vessels  (minute  structure), 

,,  of  the  base,  . 

, , of  the  cerebellum, 

,,  of  the  great  brain, 

,,  of  the  spinal  cord, 

Bodencommissur  graue,  grey  commissure  forming  the  floor  of 
ventricle. 

,,  weisse,  white  commissure  in  floor  of  the  third  ventricle. 

Bogenbundel  des  Grosshirns,  fasciculus  arcuatus. 

,,  der  Medulla  oblongata,  librae  arcuata:. 

Bogenfurche,  arcuate  fissure  (comprising  sulcus  corporis  callosi  et  fissura 
hippocampi). 

Border  zone,  . . . . . . 221,  225,  229,  233,  234 

Brachia  cerebelli  conjunctoria,  Arme  der  Vierhiigel,  bras  conjonctifs  (Charcot), 

corp.  quadrig.,  . . . . . . . 54,  65 

„ media 57 

Brachia  conjunctiva,  seu  conjunctoria,  processus  cerebelli  ad  cerebrum,  Bindearme, 
ptkloncules  e&ribelleux  supvrieurs,  processus  a cerebello  ad  testes,  53,  65,  70,  277, 

278,  295,  363,  393 

Brachia  corporum  quadrigeminorum,  Vierhiigelarme,  bras  des  tubcrcules  quadri- 
jumeaux,  bras  conjonctifs  (of  Charcot),  . . . .54,  71,  285,  288,  289 


. 292 

. 455 

. 333 

. 421 

. 407 

206 
402,  406 
. 144 

. 372 


447 
132 

8 

178 
172-184 
485 
411 

460,  485-493,  495 
242-245 
the  third 


Brachium  anterius,  ..... 

,,  copulativum,  .... 

,,  corporis  mammillare, 

,,  opticum, ..... 

,,  posterius,  .... 

Bracket  cells,  ..... 
Brain  sand,  ..... 

,,  stem,  Stamm,  souche  on  tronc  des  hemispheres, 
,,  weight  of, 

Bridging  convolutions,  .... 
Broca’s  convolution,  .... 

Briicke,  pons. 

Briickenarm,  crus  pontis. 

Briickenbahn,  frontale,  frontal  pontine  tract. 
Briickenfasern,  fibres  of  the  pons. 


53,  77,  344 
. 393 

. 430 

339,  346 
53,  77,  369 
. 328 

467 
47 
121 
111 
114 


93, 

100, 
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Briickenkerne,  nuclei  pontis. 

bulbar  paralysis,  progressive, 355,  362|  365j  38Q 

bulbus  cornu  posterioris,  . gg 

» ,,ervi  olfactorii,  . 83,  84,  86,  99,  116,  117,  212,  322,  323,  334,  497,  504 

Burdach’s  column.  See  Funiculus  cuneatus. 

,,  nucleus  (nucleus  funiculi  cuneati),.  . . . 260,  261,  266,  307 


Cajal,  Ramon  y,  method  of  silver  staining, 

Cajal’s  cells,  .... 

Calamus  scriptorius, 

Calcar  avis,  scu  pcs  hippocampi  minor,  Vogelklaue,  Ergot  dc  Mo 
Calcareous  degeneration  of  blood-vessels,  . 

i , ,,  nerve-cells, 

Calcified  nerve  fibres, 

Callosal  convolutions, 

Canalis  centralis,  .... 

Cancer  in  the  brain, 

Capillary  vessels  of  brain,  . 

,,  ,,  cerebellum, 

Cappa  cinerea,  .... 

Capsula  corporis  dentati,  Vliess  des  Kleinhirns, 

,,  ,,  subthalamici, 

,,  externa,  .... 

,,  extrema,  .... 

,,  interna,  innere  Kapsel,  capsule  inter i 

centrum  semicirculare  ( Vieussens), 


26 

444,  445 
54,  55,  62,  265 
anrl,  . . 89,  93 

178,  413 
. 160 
142 
91 

62,  207,  223,  260 
. 484 

176,  460 
. 411 

. 344 

. 393 

. 292 

76,  79,  291,  292,  418 
. 76,  291,  292 
internal  capsule,  geminum 
75,  77,  79,  290,  291,  292,  294,  298, 
299,  300,  418,  424,  499 
206,  234,  258 


Caput  cornu  posterioris, 

Carcinoma,  ..... 

Carcinoma  cells,  .... 

Carrefour  sensitif,  .... 

Carrot  granules,  .... 

Caruncula  mammillaris, 

Cauda  equina,  .... 

Caudex,  brain-stem, 

Cavum  Meckelii,  .... 

Celia  media  of  the  lateral  ventricle, 

Celloidin  method,  .... 

Cellula:  bicornes,  .... 

Central  canal.  See  Canalis  Centralis. 

Central  ganglia,  .... 

Central  grey  tube,  the  grey  matter  bordering  the  central  canal  or  central  grey 
formation  of  the  cerebro-spinal  axis,  comprising  with  the  addition  of  the  optic 
thalamus,  etc.,  Meynert’s  Centrales  Hohlengrau,  substance  grisc  des  cavitcs 
centrales  dc  Visthmc,  substance  grisc  ccntralc,  substance  grisc  du  canal  encephala- 
mMullaire,  . . . . . . 197,  203,  260,  348,  418 

Central  root,  .........  200 

Centrales  Hohlengrau  ( Meynert ),  central  grey  matter,  part  of  central  grey  tube 

{mil). 

Centrallappchen,  lobulus  centralis. 

Centralspalte,  fissure  of  Ronaldo. 

Centralwindung,  hintere,  ascending  parietal  convolution. 

, , vordere,  ascending  frontal  convolution. 

Centrum  semiovale  Vieussenii,  .....  78,  79,  114,  427 


414,  465,  477 
. 183 

300,  301 
400 
323 
51 
47 
475 
88,  89 
9,  10,  13 
. 445 

197,  202 
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Cerebellar  peduncles.  See  also  under  Brachla,  ....  65,312,393 

,,  ,,  development  of,  ......  409 

„ tract,  direct,  .......  232,  395 

Cerebellum,  Kleinhirn,  ceitelct,  epencephalou  ( embryologically ),  57,  116,  117,  270,  280, 

299,  374,  391-417 

,,  cortex  of,  ......  399-411 

,,  granular  layer  of  the,  Korner  Schichte,  rostbraune  Schichte,  399,  400, 

401,  402 

,,  histology  of,  . 

,,  pathological  changes  in, 


207,  208,  209 


,,  posterior  commissure  of, 

„ sp.  gr.  of, 

, , vessels  of, 

,,  weight  of, 

Cerebral  vesicle,  middle, 

,,  „ primary,  . 

Cerebro-spinal  fluid, 

Cerebrum,  Grosshirn,  hemispheres  eirihraux. 

Cervical  Anschwellung,  cervical  enlargement. 

Cervical  enlargement,  intumescentia  cervicalis, 

Cervix  cornu  posterioris, 

Chiasma  nervi  optici,  . 51,  53,  62,  73,  81,  102,  291 

Choroid  plexus,  Adergeflechte,  plexus  choroides.  See  Plexus  choro ideas 
Chromatin  bodies,  . 

Chromatolysis, 

Chromophilous  and  chromophobic  cells, 

Cingulum,  Zwinge, 

Circulus  Willisii, 

,,  ,,  varieties  of, 

Cisterna  magua  cerebello-medullaris, 

Cisterna:  subarachuoidales, 

Clarke’s  vesicular  column,  . 

Claustral  formation, 

Claustrum,  Vormauer,  avant-mur, 

Clava,  .... 

Climbing  fibres, 

Coagulation  products  in  the  blood-vessels, 

Colatorium,  scu  hypophysis.  See  Hypophysis. 

Collateral  fibres, 

„ gangiea,  . 

,,  tracts. 

Colliculus  subpiuealis, 

Colloid  bodies, 

,,  degeneration  of  blood-vessels 
,,  ,,  nerve-cells, 

,,  extravasation, 

Colossal  fibre, 

Columns  fornicis,  . 

,,  vesicularis  of  Clarke.  See  Clarke 
Columnar  cells, 

Combined  systemic  diseases  of  the  cord, 

Commissura  alba  med.  spin. , 

,,  anterior  cerebri, 

293 

,,  ,,  of  spinal  cord, 

,,  arcuata  posterior  N.  optici, 


399-411 
411-415 
397 
122 
411 
121 
46 
46 
491 

74,  122,  417-472 


49,  209 
206,  258,  260 
294,  324,  337,  338,  339,  501 


. 144 

. 162 
. 153 

91,  434 
486,  487 
486,  492 
. 479 

. 479 


210,  216,  218,  225,  280,  308 
. 450 

76,  77,  79,  291,  292,  418,  450 
. 54,  56 
401,  402 
. 184 


127,  148,  149,  213,  229,  230,  305,  306,  443 

215 
198 
70 
186 
181 
160 
184 
136,  212 

54,  62,  76,  77,  82,  83,  291,  293,  295,  430 
s vesicular  column. 

220 

252 

. 205,  207,  208,  242 

54,  62,  77,  79,  82,  83,  225,  259,  291, 
294,  299,  323,  324,  331,  396,  418,  433,  500 

. 233 

. 339 
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Commissura,  basoos  alba,  . 

>>  grisea,  . 
cornu  ammonis, 
grisea  mod.  spin., 
hippocampi,  . 
inferior  N.  optiei, 
media, 

medulla;  spinalis, 
mollis, 
posterior, 

Commissural  fibres  of  tho  cerebrum, 

Commissure, 

,,  of  the  nuclei  of  the  roof, 

, , protoplasmic, 

Communication  between  neurons,  . 

Comparative  method, 

Compression-myelitis, 

Conarium,  or  pineal  gland.  See  Glandula  pinealis. 
Conducting  area, 

Conductor  souorus,  Klangstab,  baguette  d'harmonie, 
Conical  lobe, 

Connective-tissue,  . 

Constrictor  fibres,  . 

Conus  medullaris,  scu  terminalis,  Markkegel,  Endzapfen 
,,  terminalis.  See  Conus  medullaris. 

Converging  fibres,  . 

Convolutio  trigemini, 

Convolution,  arcuate  of  Arnold, 

Convolutions  of  cerebrum,  . 

Cornu  Ammonis, 

,,  anterius, 

,,  posterius, 

Corona  radiata.  See  Corona  llcili. 

,,  Reili,  scu  radiata,  Stabkranz,  couronne  rayminantc, 


PAGE 

62,  431 
84 

82,  433 
205,  207 
. 433 

. 339 

72,  291,  294 
205,  207 
54,  62,  72,  76,  87,  419 
62,  286,  295,  346 
200,  203,  288,  430-433 
. 199 

396 

. 220 
. 195 

33 

. 479 

. 154 

54,  66,  369,  374 
. 467 

165,  171 
. 215 

50,  208,  221 

. 202 
355,  356 
45 

93,  123 

79,  83,  90,  91,  333,  452-459 
205,  207,  208,  226,  233,  234,  299,  363,  377 

205,  207,  233 


203,  298,  338,  420, 
427,  428,  429 
. 48,  69 
69 

. 455 

475,  477 


Corpora  bigemina,  ...... 

,,  quadrigemina,  Vierhiigel,  tubcrcules  quadrijumcaux, 

Corps  cjodronnie.  See  Fascia  denlala, 

Corpus  arenaceum,  Sandkorner,  .... 

,,  callosum,  Balken,  corps  calleux,  45,  62,  79,  80,  83,  85,  86,  87,  91,  98,  105, 

107,  198,  293,  294,  431-433,  501 

,,  candicans  = corpus  mammillare. 

,,  ciliaro  = corpus  dentatum. 

,,  dentatum,  .......  63,  391,  392,  398 

,,  fimbria  turn.  See  Fimbria. 

,,  fornicis,  .........  83 

,,  geniculatum  lateralo,  seu  externum,  ausserer  Kniehocker,  corps 

(jenouilli  externe,  51,  53,  73,  91,  286,  338,  340,  341,  342, 

501 

tt  ,,  mediale,  seu  internum,  innerer  Kniehocker,  corps 

gcnouilU  interne,  internal  or  mesial  geniculate  body,  53,  54,  91,  288,  340, 

341,  342,  501 

mammillare,  seu  candicans,  Markkiigelchen,  tubcrcules  mammillaires  ou 
pisiform.es , . 51,  62,  73,  84,  288,  289,  290,  291,  295,  324,  430,  501 

,,  quadrigeminum  anterius,  . 53,  55,  63,  70,  71,  76,  289,  295,  308,  369,  374 

„ post.,  . 53,  55,  63,  71,  76,  78,  295,  308,  338,  369,  374 
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PAGE 

Corpus  restiforme,  Kleinhirnstiel,  Strickkorper,  unterer  Kleinhirnarm,  corps 

restiforme,  restiforin  body,  53,  54,  56,  64,  265,  266,  269,  275,  276,  2S],  308, 

312,  313,  369,  374,  393 

,,  rhomboideum  = corpus  dentatum. 

,,  striatum,  . . . . . . . 74,  85,  290,  291,  293 

,,  ,,  relation  to  cortex,  ......  48 

,,  subthalamicum,  sen  nucleus  amygdaliforrais,  sen  discus  lentiformis 
Forelscher  Korper,  Luyscher  Korper,  bandelctte  acccssoirc  dc  Votive 


superieure,  .... 

. 79,  288,  289,  292,  418,  427 

,,  trapezoides,  Trapezkorper,  corps  l rapt-wide, 

. 270,  271,  273,  369,  370,  374 

,,  ,,  cerebelli, 

62,  396 

Cortex,  ...... 

196,  202,  323,  405 

,,  localisation  in, 

112,  113 

,,  morphological  relations  of, . 

. 47,  55 

„ sp.  gr.  of,  . 

. 122 

, superficial  layer  of,  ... 

. 120 

,,  weight  of,  . 

. 121 

,,  cerebelli,  ..... 

399-411 

,,  cerebri,  Mantel,  . . 299,  308,  338, 

374,  398,  411,  435-459,  470,  473 

Corti,  organ  of, 

. 373 

Cortical  centre  of  hearing,  .... 

369 

Cortico-cerebellar  fibres,  .... 

. 304 

Corticofugal,  ..... 

. 445 

Corticopetal,  ..... 

445 

Corticospinal,  ..... 

. 304 

Crura  cerebri.  See  Pcdunculus  cerebri. 

,,  fornicis,  Saulendes  Fornix,  piliers  du  trigone, 

76,  79,  82,  83,  91 

Crus  poutis,  crus  cerebelli  ad  pontem,  Briickenarm,  pedum: ul c ct  rebel  le  ax  moyen, 

middle  peduncle  of  cerebellum,  . 

57 

Crusta  pedunculi,  sen.  crusta,  Hirnschenkelfuss,  . 

71,  299,  306,  309 

Csokor’s  carmine,  ..... 

18 

Culmen,  Gipfel,  ..... 

. 61,  62 

Cuneus,  Zwickel,  le  coin,  .... 

83,  98,  102,  106,  107,  108 

Cylinder,  axis,  ..... 

127,  129,  134,  137 

Cylindroma,  ..... 

. 465 

Cystic  degeneration  of  the  cortex,  . 

. 464 

Cysticerci  in  brain,  .... 

465,  484 

Cysticercus  racemosus,  .... 

. 484 

Cysts  in  the  cerebellum,  .... 

414 

,,  ,,  cerebrum,  .... 

464 

,,  ,,  choroidal  plexus, 

. 485 

D 


Dachkern,  noyau  du  toil,  nucleus  of  roof  of  Stilling. 
Deafness,  ...... 

Declive,  ...... 

Decussatio,  Kreuzung,  .... 

,,  lemuisci,  .... 

,,  pyramidum,  .... 

Decussation,  anterior  great  commissural,  . 

,,  of  the  braehia  conjunctiva,  . 

,,  of  nucleus  of  roof, 

Defibering,  ...... 

Degeneration  of  blood-vessels, 

,,  method,  .... 


462 

. 61,  62 
199 

261,  262,  295,  307,  308 
258,  260,  295,  304 
395,  396 
. 394 

. 392,  395,  396 
6 

• 178,  ISO,  181 
. 29,  30,  297 

2 K 
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Degeneration  of  nerve-fibres, 

l'AGE 

29,  138 

,,  of  nerve-cells, 

158 

,,  secondary, 

92,  241,  253,  299,  414 

,,  senile, 

. 413 

,,  ascending  in  spinal  cord, 

. 231,  241,  251 

,,  descending  in  spinal  cord,  . 

. 235,  241,  251 

,,  Wallerian, 

. 138 

Deiters’  cells, 

167 

,,  ,,  development, 

42 

,,  nucleus,  .... 

272,  372,  374,  375 

Dementia  paralytica, 

413,  462,  463,  481,  483 

Dendrites,  ..... 

148,  153,  155,  443 

Depigmentation  of  nerve-cells, 

. 160 

Dermoid  cysts,  .... 

414 

Development, 

39 

,,  of  cerebellum, 

. 409 

,,  of  fissures, 

. 116 

,,  of  great  brain, 

46 

,,  of  nerve-fibres, 

. 137 

,,  of  spinal  nerves, 

. 42,  43 

,,  of  substantia  gelatinosa, 

222 

Diencephalon,  .... 

48 

Dilfuse  sclerosis,  .... 

. 464 

Dilatation  of  the  adventitia, 

. 182 

Dilator  fibres,  .... 

214,  215 

Diplococci  of  pneumonia,  . 

. 483 

Direct  hemispheral  bundle  of  Gudden, 

. 341 

,,  or  lateral  cerebellar  tract,  . 

. 232 

,,  sensory  cerebellar  tract  of  Edinger,  . 

358,  397 

Disseminated  sclerosis, 

. 464 

Division  of  nerve-cells, 

162 

Dorsal  column,  .... 

. 207 

,,  nucleus  of  Slitting,  columna  vesicularis  of  Clark:,  . 

. 209 

,,  vago-glossopharyngeal  nucleus, 

. 375 

,,  vagus  nucleus, 

267 

Do  rso -mesial  sacral  bundle, 

234,  240 

Dura  mater,  meniux  fibrosa,  Faserhaut,  dure  mire, 

. 473-479,  493 

E 


Echinococci,  ........  414,  465 

Ecker’s  nomenclature,  ........  92 

Edingcr-AVestphal  nucleus,  ......  348,  349 

Elfusion  of  blood,  .........  463 

Ehrlich’s  methyl-blue  method,  .......  35 

Einkerbungen  von  Lantermann,  Lantermann’s  cones. 

Einschniirungen  von  Ranvier,  nodes  of  Ranvier. 

Embolism,  ..........  184 

,,  in  the  cerebellum,  .......  413 

,,  in  the  cerebrum,  ......  465,  493 

Eminentia  collaterals  Meckelii,  . . . • • . 90,  91,  452 

,,  olivaris,  .........  56 

,,  teres,  . . . . . ■ • . 54,  66,  267 

Encephalitis,  ........  414,  464 

End  arteries,  487 

Endarteritis,  . . . . • • • • . 493 
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End-nuclei,  . 

Endothelial  membrane, 
Endotheliomata, 

Endothelium  of  arteries, 

,,  of  veins, 

Ependyma,  . 

Epiblast, 

Epicerebral  lymph  space,  . 
Epidural  tissue, 

Epiphysis  cerebri.  See  Corutrium. 
Epithelium, 

Erlitzky’s  fluid, 
it  at  cribU,  . 

ilranylemeiUs  annulaires , . 
Exuer’s  pcrosmic  acid  method, 

,,  plexus, 


PAGE 


197 

213 

477 

172 

175 


164,  223,  325,  328,  438,  455,  456 


39,  163 
473,  474 
. 475 


163,  190,  475,  476,  480,  485 


8 

. 183 

. 131 

24,  440 
441 


F 


Facial  nucleus, 

,,  knee, 

Faisceau  en  ccharpc, 
Falx  cerebelli, 


270,  271,  272,  273,  354 
. 363 

. 303 

57,  475 


,,  cerebri,  Hirnsichel  trier  Sichel,  la  grande  faux  du  cerveau,  92,  473,  475,  477 
Fascia  dentata,  . . . . .77,  83,  90,  91,  452,  453,  455,  456 

Fasciculus  arcuatus,  sea  longitudinalis  superior,  Bogenbiindel,  oberes  Langs- 

biindel,  faisceau  arqu£,  .....  348,433,  434 


,,  cuneatus.  See  Funiculus  cuneatus. 

„ dorso  medialis  sacralis,  . . . . . . .211 

,,  hippocampi,  ........  333 

,,  intermedio-lateralis,  ......  239,  319 

,,  lobnli  lingualis,  .......  435 

,,  longitudinalis  inferior,  unteres  Langsbiindel,  . 89,  90,  433,  434 

„ „ posterior,  . 64,  269,  281,  289,  295,  300,  317,  321 

,,  „ superior,  seu  arcuatus.  See  Fasciculus  arcuatus. 

,,  nuclei  caudati,  . . . . . . . 426,  435 

,,  obliquus  pontis,  ruban  fibreux  oblique,  . . . . . 51,  65 

,,  occipitalis  perpendicularis,  .....  433,  435 

,,  occipito-frontalis,  ......  77,  435 

,,  retroflexus  or  Meynert’s  bundle,  . . 288,289,291,295,420 

,,  solitarius  of  Stilling,  .......  376 

„ subcallosus,  .......  426,  435 

,,  sulco-marginalis,  ......  233,  236 

i.  teres,  .........  363 

,,  thalamus  mammillaris,  ......  82,  430 

,,  uncinatus,  Hakenbiindel,  faisceau  cuneif urine,  . . 433,  434 

Faserhaut,  dura  mater. 


Fat- and  pigment-degeneration  of  ganglion-cells,  . . . . .158 

,,  granule-cells,  . . . . . . . . .185 

.1  n ii  in  the  spinal  cord,  ......  254 

„ in  adventitia,  ........  176,  178 

Fatty  degeneration  of  the  adventitia,  . . . . . .183 

n ii  muscularis,  ......  178 

■ I n ii  nerve-cells,  ......  158 

Fibra:  arciformes,  scu  arcuate,  Bogenfasern,  Jib  res  arciformes,  . . 53,  56,  201 


51G 
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Fibne  arciformes,  sen  arcuata;  Arnoldi,  seu  fibres  proprice,  . . . 428,  434 

externce,  ....  262,  264,  265,  275,  280,  313,  321 


,,  ,,  anteriores, 

,,  ,,  posteriores, 

,,  intern oi,  ....  262,  263,  266,  295 

heterodesmoticee, 
horuodesmotica:, 
radiales  interne;, 
recto, 

supra-recticulares, 

Fibres  of  the  pons,  . 

,,  ,,  spinal  cord, 

Fibrillar  slieatb, 

Fibromata,  . 

Fibro-plastic  bodies, 

Fibro-sarcomata, 

Fillet.  See  Lemniscus. 

,,  inferior.  See  lateral. 

,,  lateral, 

, , mesial, 

,,  ,,  accessory  bundle  of  the, 

,,  superior.  See  mesial. 

Filum  terminals, 

Fimbria,  sew  corpus  timbriatum,  seu  tajnia  hippocampi,  corps  bordant,  bandcletle 
de  I'hippocampe,  ....  77,  82,  83,  90,  91,  452,  453,  455,  456,  504 
Fissura  calearina,  ....  83,  89,  96,  98,  100,  102,  107,  116,  118 

,,  centralis,  . . . . . . . 79,  94,  96,  117 

,,  clioroidea,  sen  transverse,  Querspalte  des  grossen  Gehirns,  Rand- 


. 313 

. 312 

309,  313,  314 
. 197 

. 197 

. 383 

. 263 

. 265 

273,  304 
224-242 
. 133 

. 477 

170,  477 
. 477 


. 308,  310,  374 
307,  308,  309,  310 
. 310 

. 50,  211,  482 


spalte,  Adergeflechtsfurche,  scissure  transcerse, 

,,  collaterals,  seu  occipito-teinporalis  inferior, 

,,  cornu  Ammonis, 

,,  hippocampi, 

,,  interparietalis, 

,,  ,,  ventralis, 

,,  lateralis, 

.,  longitudinal  is  cerebri, 

,,  „ medulla;  oblougatoe  anterior, 

,,  ,,  „ posterior, 

,,  medialis  spinalis  anterior, 

„ ,,  „ posterior, 

,,  occipitalis  horizon  tabs, 

,,  ,,  perpendicularis, 

,,  occipito-teinporalis  inferioi 
,,  parietalis,  . 

,,  parieto-occipitalis,  . . • • .83, 

,,  paroccipitalis, 

,,  subiculi  interna, 

,,  Sylvii, 

,,  transverse,  . 

Fissura.  See  Sulcus. 

Fissure  of  Rolando, . 

Fissures  of  cerebellum, 

principal  or  total  (fissurce,  seissurce,  primary  fissures), 

,,  typical  secondary  (sulci  secundarii) 

,,  atypical  tertiary  (sulci  tertiarii),  . 

and  convolutions  on  the  surface  of  the  great  brain, 


91,  98 


. 92,  97 
90 
90 

106,  107,  116 
. 94,  96 
. 205 

93 

. 74,  87 
51,  258,  260 
54,  260 
49,  50,  207 
49,  50,  207 
. 95,  96 
95 

90,  453 
95,  96,  101 
, 107,  116,  117 
. 101 

90 

79,  91,  93,  96,  99,  453 
95,  116,  335,  497 


. 100 
58 
93 
93 

93,  109 
92,  115 


94,  102 
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Fissures  of  great  brain,  . . . . • • .92,  116,  123 

Fixing  media,  ......... 

Flechsig’s  methods,  . . . • • • . 22,  26,  297 

Fleece  of  Stilling,  .........  393 

Flocculus,  Flocke,  Lobule  clu  pneunwgastrique,  .....  69 

Flocke,  Flocculus. 

Floor  of  fourth  ventricle,  Rautengrube,  sinus  rhomboulal,  . . .65 

,,  third  ventricle,  grey  commissure,  .....  84,  418 

,,  ,,  white  commissure,  .....  431 

Fol’s  fluid,  ..........  8 

Folium  cacuminis,  Wipfelblatt,  . . . . . . . 61,  62 

Fontainenartige  Haubenkreuzung,  Fontanal  decussation  of  the  tegment, 
Meynert’s  decussation. 

Fontanal  decussation, 

Foramen  caecum  anterius, 


,,  ,,  posterius, 

,,  Magendii, 

,,  major, 

,,  minor, 

,,  Monroi, 

,,  parietale, 

Forceps  anterior, 

,,  posterior, 

Fore-brain,  Vorderhirn,  prosencephalon, 

Forel’s  decussation  of  the  tuber  cinereum, 

,,  nucleus,  corpus  subthalamicum, 

,,  ventral  tegmental  decussation, 

Formalin,  .... 

Formatio  reticularis, 

» „ alba,  . 

„ „ grisea, . 

,,  ,,  medialis, 

Fornix,  Gewolbe,  voAtc  A trois  piliers , j 
trigone,  . 

,,  longus, 

,,  transversus, 

Fossa  interpeduncularis, 

,,  rhomboidalis, 

,,  Sylvii, 

Fovea  anterior, 

Fovea;  glandulares,  . 

Free  cells  in  the  nervous  system, 

Frenulum  lingulae,  . 

,,  veli  medullaris,  Icfrcin  dc  la  valvule  do 
Frommann’s  cross-bands. 

Frontale  Bruckenbahn,  frontal  pontine  tract. 
Frontal  pole, 

,,  pontine-tract, 

Functions  of  nerve-cells, 

Funiculus  anterior,  . 


oilte  A quatre  piliers, 


Vieusscns, 


286,  288 
62 

51,  53,  62 
68 

. 431 

. 431 

43,  46,  48,  55,  88,  92 
. 470 

. 431 

89,  431 
46 

. 342 

288,  289,  290 
286,  288,  294,  319 
8 

196,  261,  278,  321 
262,  263,  269 
. 261 
. 317 

rigonc  c&ribvalt 
81,  85,  86,  87,  91,  429 
. 432 

82 
69 
65 

93,  94,  116,  497,  504 
. 54,  66 
481 
. 184 

60 

54,  70,  78,  395 
. 130 


94,  96,  98,  101,  102,  107,  117,  433 
300,  301,  302,  303 
152 

51,  52,  53,  62,  205,  207,  208,  210,  234 
cuneatus,  Keilstrang,  cordon  cuntiforme,  Burdaeh’s  column,  52,  54,  56, 

207,  212,  225,  233,  239,  240,  251,  260,  307,  308 
gracilis,  Zarterstrang,  cordon  grille,  Goll’s  column,  52,  54,  207,  212,  225, 

233,  237,  239,  240,  307,  308 
lateralis,  . . . . . . 51,  52,  53,  54,  260 

obliipius,  ........  53 
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Funiculus  posterior,  ..... 

„ respiratorius,  Respirationsbiindel  of  Krause, 

Stilling,  ascending  root  of  vagus,  ascending 
mixed  system,  .... 

,,  siliqu®,  Hiilsenstrange,  . 

,,  teres,  ...... 

Furrows,  ....... 

Fuss  des  Hirnschenkels,  pes  pedunculi  cerebri  seu  crusta. 


PAGE 

52,  53,  62 
Solitarbiindel  of 
root  of  the  lateral 

207,  208,  209,  381 
56 
66 

53,  109 


G 


Ganglia,  central,  ..... 

. 197 

,,  of  great  brain,  literature  of, 

468 

,,  spinal,  ..... 

. 228 

Ganglienzellen,  always  translated  nerve-cells. 
Ganglion  commissurale,  .... 

. 376 

,,  geniculatum  laterale  (ext. ), 

73,  288 

,,  ,,  mediale  (int. ), 

. 70,  73,  288,  369,  370 

„ habenula;,  ...  54,  62,  73,  76,  290,  291,  418,  419,  466 

,,  interpedunculare, 

. 420 

,,  spinale,  ..... 

. 308 

,,  spirale,  ..... 

. 369 

,,  vestibulares,  .... 

. 370 

Garland  like  fasciculi,  .... 

. 395 

Gasserian  ganglion,  .... 

. 357 

Gefasshaut,  pia  mater. 

Geminal  fibres,  ..... 

. 237 

Genmul®,  ...... 

. 148 

Gennari’s  bands  or  stripes,  .... 

436,  441,  448,  449 

Genu  capsul®  intern®,  .... 

. 78,  299,  300 

,,  corporis  callosi,  Knie  des  Balkens,  . 54,  62, 

76,  78,  80,  83,  84,  294,  324,  501 

,,  nervi  facialis,  .... 

. 363 

Germ  cells,  ...... 

164 

Geschwanzter  kern,  oder  Striefenhiigel,  nucleus  caudatus. 

Gesichtsnerv,  optic  nerve. 

Gewolbe,  fornix. 

Giant  cells,  ...... 

. 447 

Gipfel,  culrnen. 

Gitterschichte  des  Thalamus,  stratum  reticulatum  thalami. 

Glandul®  Pacchioni,  .... 

. 473,  480,  481 

Glandula  pinealis,  sen  conarium,  seu  epiphysis,  Zirbeldriise,  glandc  pintkile,  45,  53,  54, 

,,  pituitaria,  seu  hypophysis.  See  Hypophysis. 

Gleia  cells,  . , . . . 165, 

62,  70,  73,  76,  466 
171,  399,  402,  407,  408,  439,  446 

„ layer,  ...... 

444,  446 

Gleioma,  ...... 

. 169,  414,  465 

Gleiosis,  . 

169 

Globus  pallidus,  ..... 

. 75,  78,  423 

Glomeruli  olfactorii,  .... 

. 325,  326,  327 

Glomus,  ...... 

86 

Glosso-labial  pharyngeal  paralysis,  . 

. 384 

Glossopharyngeal  centre  or  nucleus  of  Roller, 

268,  376 

,,  spinal  root, 

262,  265,  268,  376 

Glossopharyngeusherd,  glossopharyngeal  nucleus. 
Gold,  impregnation  with,  .... 

25 

Golgi's  cells,  . 

149,  193,  221,  444,  445 
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PAGE 

25,  404 

26,  154 


alami. 


Golgi’s  mercury  staining,  . 

,,  silver  ,, 

Goll’s  column.  See  Funiculus  gracilis. 

Gowers’  bundle  or  tract, 

Granulee  or  Nissl’s  corpuscles. 

Granular  degeneration  of  nerve-cells, 

,,  ,,  of  vessels,  . 

,,  layer, 

Granulation  of  ependyma,  . 

Granules  or  nuclei,  Korner,  mye'locites, 

Great  commissure,  . 

Grenadier’s  alum  carmine,  . 

Grenzstreif,  stria  cornea. 

Grey  matter, 

Grosshirn,  cerebrum. 

Ground-bundle  of  anterior  column, 

,,  of  lateral  column,  . 

,,  of  posterior  column, 

Gudden’s  commissure, 

,,  method,  . 

,,  microtome, 

Gummnta,  . 

Giirtelschichte  des  Thalamus,  stratum  zonale  tl 
Gyrenchalous  mammals, 

Gyri  breves  insula.',  . 

,,  frontales, 

,,  occipitnles, 

,,  operti,  . 

,,  recti,  . 

,,  temporalcs, 

,,  ,,  transversi, 

,,  transitori, 

Gyrus  angularis, 

,,  ascendens  frontalis,  vordere  Centralwindung, 

,,  ,,  parietalis,  hintere  Centralwindung, 

,,  centralis  anterior,  .... 

,,  ,,  posterior,.  .... 

,,  cinguli,  sen  corporis  callosi,  part  o g.  fornicatus,  Zwinge,  83,  90,  98,  105,  107, 

437,  449,  450 

,,  corporis  callosi,  Balkenwindung,  circonvolution  dc  Vourlet , pH  du  corps 

calleux,  gyrus  fornicatus,  . . . . . . .105 

,,  fornicatus,  sew  corporis  callosi,  circonvolution  dc  Vourlet,  79,  87,  98,  102,  105, 

106,  107,  114,  334,  336,  432,  449 
,,  fusiformis,  .........  105 

,,  hippocampi,  subicnlum  cornu  Ammonis,  78,  83,  90,  91,  98,  102,  105,  107,  452, 

453 

,,  inframarginalis,  . . . . . . . .105 


225,  232,  233,  237,  238,  316,  321 
. 144 

. 159 

. 180 

399,  400,  401,  402,  410 
. 170 

. 145,  150,  399 
. 281 
18 

. 196,  498-500 

225.  233,  236,  238,  260,  262,  295,  317 

225,  233 
. 234 

338,  339 
32,  297 
9 

. 465 

. 116 
. 109 


79,  94 


, 96,  98 


78,  79 


, 100,  102,  107,  108,  112,  114 
94,  96,  102,  104 
. 109 

. 109 

91,  94,  102,  105,  369 
79,  91,  94,  114,  369 
93 

94,  96,  104,  114 
. 100 
. 103 

79,  94,  96,  100,  112 
79,  94,  96,  103,  112,  114 


lingualis, 

occipitalis  descendens, 
occipito-temporalis  lateralis, 
,,  ,,  medialis, 

parietalis, 
paroccipitalis, 
postrolandicus, 
priecentralis, . 
subcallosus,  . 


. 105 

. 98,  107,  108 
79,  91,  98,  102,  105,  107 
91,  102,  105,  107,  108 
103,  113 
104 
. 103 

. 100 
83,  333 
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Gyrus  supramarginalis,  ..... 

,,  sygmoideus,  ...... 

,,  uncinatus,  Hakenwindung,  cir convolution  en  crochet, 


PAGE 

. 94,  96 
116,  117 
99,  106 


H 

Habenula,  seu  pedunculus  conarii.  See  Pedunculus  conarii. 

Hamiatoidin,  . . . . . . _ .177 

Ha»matoma  of  the  dura  mater,  ......  478 

Hsematomyelia,  .........  249 

Hsematoxylin  staining,  . . . . . . . .17 

,,  method  of  Weigert,  .......  19 

>>  i)  ,,  applied  to  Purkinje’s  cells,  . . . 404 

Haemorrhage  of  the  pia  mater,  .......  483 

Hajmorrhagia  cerebri,  . .......  433 

,,  medulla}  spinalis,  .......  249 

Hardening  processes,  . . . . . . . . 7,  38 

Hakenbiindel,  fasciculus  uncinatus. 

Hakenwindung,  gyrus  uncinatus. 

Hals  des  Hinterhornes,  cervix  cornu  posterioris. 

Halsanschwellung,  cervical  enlargement. 

Haube  des  Hirnschenkels,  tegment. 

Haubenbahn,  centrale,  central  tegmental  tract. 

Haubenfeld,  tegment. 

Haubenkern,  nucleus  tegmenti. 

Haubenkreuzung,  tegmental  decussation. 

Hemispheres,  . ...  58,  59,  60,  64,  74,  85,  499-502 

121 

. 281 
. 197 

392,  412,  466 
. 466 

. 250 

. 487 

. 487 

. 487 

. 391 

. 453 

. 313 

46,  57,  123 


,,  weight  of, 

,,  of  cerebellum, 

Heterodesmotic  fibres, 

Heterotopia  in  the  cerebellum, 

,,  ,,  cerebrum, 

,,  ,,  spinal  cord, 

Heubner’s  basilar  area, 

,,  cortical  area, 

Hexagon  or  polygon  or  circle  of  Willis, 

Hilum  corporis  dentati, 

, , fasciae  dentatte, 

,,  oliva;  inferioris, 

Hind-brain,  Hinterhirn,  cerveau  poslcrieur,  rnetencephalon  {in  part), 

Hintere  Riickenmarkswurzeln,  posterior  spinal  roots. 

Hinteres  ausseres  Feld,  postero-external  tract. 

,,  Langsbiindel,  posterior  longitudinal  bundle. 

Hinterhauptslappen,  occipital  lobes. 

Hinterhirn,  hind-brain. 

H interhorn,  cornu  posterius. 

,,  (Seitenventrikel),  posterior  horn  (lateral  ventricle). 

Hintersaule,  posterior  column  of  grey  matter. 

Hinterstrang,  posterior  white  column. 

Hinterstrangbahnen,  connections  of  posterior  columns  of  cord. 
Hinterstrangsgrundbiindel,  ground-bundle  of  posterior  column. 
Hinterstrangskerne,  nuclei  funiculorum  gracilis  et  cuneati. 

Hippocampus  major,  Seepferdefuss,  seu  bombyx,  seu  appendix  bombyciuus,  seu 
Caco  cornu  Ammonia,  scu  arietis,  seu  pes  hippocampi,  seu  vermis 
bombycinus.  Kolben  Reil,  Widderhorn,  Ammonshorn,  Processus 
cerebri  lateralis,  Protuberuntia  cylindroides, 


90 
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Hippocampus  minor,  ergot  de  Morand,  petit  liippocampe,  eminentia  unciformis, 
seu  minor  digitata,  scu  ocrea-calcar,  seu  unguis,  scu  calcar  avis,  seu  colliculus,  90 
Hirnanhang,  hypophysis. 

Hirnschenkel,  pedunculus  cerebri. 

Hirnschenkelfuss,  pes  pedunculi  cerebri  sen  crusta. 

Hirnschenkelschlinge,  ansa  peduncularis. 


Homodesmotic  fibres,  . . . . . . . 197,  434 

Homogeneous  swelling,  . . . . . . . .159 

Homology  of  elements  of  sense  organs,  .....  328,  329 

Horcentrum,  corticales,  cortical  centre  of  hearing. 

Hornerv,  auditory  nerve. 

Horngeriiste,  neurokeratin  network. 

Hornstreif,  taenia  semicircularis,  stria  cornea. 

Hiilsenstrange,  funiculi  siliqua?. 

Hyaline  degeneration  of  brain  vessels,  . . . . . .182 

,,  ,,  nerve-cells,  ......  142 

Hyaloplasm,  . . . . . . . . .129 

Hydrocephalus  interims,  ........  465 

Hydromyelia,  .........  250 

Hypersemia  of  the  pia  mater,  .......  483 

,,  ,,  spinal  cord,  .......  249 

Hypertrophy  of  the  axis-cylinder,  .......  141 

,,  of  brain,  . . . . . . . .110 

,,  of  nerve-cells,  . . . . . . .160 

,,  of  vessel  walls,  ......  179,  182 

Hypoglossal  nucleus,  .......  266,  267,  382 

Hypophysis,  glandula  pituitaria,  appendage  of  the  brain,  colatorium,  Hirn- 
anhang, hypophysc,  corps  pit  u itairc,  pituitary  body  or  gland,  62,  73,  467,  471-472 


I 


Impressio  petrosa,  .........  97 

Incisura,  seu  fissura  pallii  longitudinalis,  great  longitudinal  fissure,  74,  85,  116,  324 
.,  ,,  ,,  transversa,  rima  transversa  cerebri,  transverse  fissure 

of  Bichat,  . . . . . . 86,  92 

,,  cerebelli  marsupialis, 


,,  ,,  semilunaris, 

Indusium  griseum,  . 

Inferior  (descending)  horn,  . 
Inflammatory  swelling  of  gleia  colls, 
Infundibulum,  Trichter,  . 
Inhibitory  fibres, 

Ink-staining, 


. 57,  58 
57,  58,  59 
90,  437,  449 
78,  89,  90,  91 
170 

51,  73,  295 
215 
38 


Innere  Kapsel,  internal  capsule. 

Inoceipitia,  . . . . . . . . . .111 

Insel,  island  of  Reil. 

Inselpol,  most  projecting  part  of  the  island  of  Reil. 

Inselschwelle,  liinen  insula;. 

Intellectual  capacity  and  brain  weight,  . . . . . .118 

Intercalary  cells  of  Monakow,  ......  193,  221 

Intermediary  bundle,  ........  233 

Internal  fibres  of  Kolliker,  ......  . . 314 

Interolivary  tract,  Olivenzwischenschichte.  See  Lemniscus. 

Interpeduncular  space,  ........  69 

Inter- radial  nerve  web,  . . . . . . . .441 
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Inturacsoentia  cervicalis,  Halsanschwellung,  rcnflement  cervical,  cervical 

enlargement,  .......  49 

i>  lum&alis,  Lendenanschwellung,  rcnflement  lombairc,  lumbar 

enlargement,  .......  49 

Iron  staining,  .........  38 


Island  of  Reil, 

Isthmus  gyri  fornicati, 


78,  79,  94,  95,  97,  99,  108,  291,  418,  450,  497 
. 83,  98,  102,  106,  107 


Jacobson,  organ  of,  . 


J 


322 


K 

Kapsel  aeussere,  external  capsule. 

,,  innere,  internal  capsule. 

Iiaryokinesis,  ....... 

Karyomitosis  in  medullated  fibre,  ..... 

Katabolic  nerves,  ....... 

Keilstrang,  fasciculus  cuneatus. 

Kern  des  Keilstranges,  nucleus  funiculi  cuneati. 

,,  Vorderstranggrundbiindels,  nucleus  funiculi  anterioris. 

,,  zarten  Strangs,  nucleus  funiculi  gracilis. 

Kernblatt,  lamina  medullaris  involuta. 

Klangstab,  conductor  sonorus. 

Klappdeckel,  operculum. 

Klappenwulst,  tuber  valvulre. 

Kleinhirn,  cerebellum. 

Kleinhirnarme,  cerebellar  peduncles. 

Kleinhirnseitenstrangbahn,  direct  or  lateral  cerebellar  tract. 
Kleinhirnstiel,  corpus  restiforme. 

Knie  des  Balkens,  genu  corporis  callosi. 

,,  der  inneren  Kapsel,  genu  capsulte  interna;. 

Kniehocker,  ausserer,  corpus  geniculatum  externum. 

,,  innerer,  corpus  geniculatum  mediale. 

Knotchen,  nodulus. 

Kornerschichte  des  Kleinhirns,  nuclear  layer  of  cerebellum. 
Kreuzung,  decussation. 

Kugelkern,  nucleus  globosus. 

Kultscbitzky’s  method  of  staining,  .... 


. 161,  170,  180 
. 139 

. 215 


. 22,  23 


L 


Lacunae  venosce  laterales, 

Lamina  affixa,  ..... 

,,  cribrosa,  ..... 

,,  fossa;  Sylvii,  .... 

,,  medullaris  externa, 

,,  ,,  interna, 

,,  involuta,  Kernblatt,  nuclear  layer  of  cornu  Ammonis, 
,,  ,,  nuclei  lentiformis, 

,,  ,,  thalami  optici,  . 

,,  perforata  anterior,  .... 

,,  terminalis,  Schlussplatte, 

Langsbundel,  hinteres,  posterior  longitudinal  bundle. 

,,  oberes,  fasciculus  arcuatus  sen  lougitudinalis  superior. 


. 475 

87 
83 

76,  451 
420,  452,  453 
456,  457 
. 454 

75 

75,  76,  78,  79,  290,  291,  292 
. 108 
62,  84,  88,  324 
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Langsbiindel,  unteres,  fasciculus  longitmliralis  inferior. 

Lantermann’s  cones, 

„ net,  . 

Laqueus,  seu  lemniscus  (q. v.). 

Large  celled  layer,  . 

,,  ,,  nucleus, 

Lateral  border  tracts, 

, , cerebellar  tract, 

,,  or  crossed  pyramidal  tract, 

,,  column  of  spinal  cord, 

,,  fillet  tract,  . 

„ ganglia, 

,,  ground  bundle, 

,,  horn  of  spinal  cord, 

,,  longitudinal  bundle, 

,,  nucleus, 

,,  pontine  bundle, 

,,  sclerosis  amyotrophic, 

,,  ventricle, 

Lebensbauin,  arbor  vita;. 

Leber’s  corpuscles,  . 

Lemniscus,  sen  laqueus,  Schleife 
triangulaires  lata  aux  de  Pisthrru 


PAGE 

132 

133 


400,  401,  402,  409 
. 371,  373,  375 
. 233 

225,  232,  233,  238,  260,  308,  312,  315,  316,  321 
225,  232,  233,  234,  235,  237,  240,  258,  305 

52,  207,  234 
. 310 

214 
. 233 

206,  207,  209 
. 394 

347 
. 309 

248 
. 79,  92 

186 


Schleifenschicht,  ritban  de  Jleil,  faisceaux 
( Cruveilhier ),  fillet,  53,  55,  65,  261,  263,  275,  278, 
279,  287,  295,  307,  320,  321,  369 

Lendenanschwellung,  lumbar  enlargement. 

Lepto-meningitis  purulenta,  .......  483 

Ligamentum  denticulatum,  . . . . . . .475 

,,  tectum,  stria;  longitudinales  laterales,  . . . 449,  450 

Ligula  (velum  medullare  inferius),  seu,  ala  pontis  sen  ponticulus,  hintere 


Marksegel, 

Limen  insula:,  Inselschwelle, 

Limiting  membrane  of  blood-vessels, 
Linoola  albida  Gennari, 

Lingula,  Ziingelchen, 

Linsenkern,  nucleus  lenticularis. 
Linsenkernschlinge,  ansa  lenticularis. 
Lipomata,  .... 

Liquor  cerebro-spinalis, 

Lissencephalous  mammals, . 

Literature,  .... 

Lobe,  olfactory.  See  Lolas  olfaetorius. 
Lobes  of  cerebellum, 

,,  cerebrum,  . 

Lobulus  centralis,  . 

,,  lunatus, 

,,  paracentralis, 

,,  parietalis,  . 

,,  quadratus,  Quader,  Vorzwickel, 

,,  semilunaris, 

,,  triangularis, 

Lobus  amygdala,  seu  tonsil, 

,,  caudicis, 

,,  centralis, 

,,  cuneiformis,  seu  biventer,  . 

,,  gracilis, 

,,  falciformis,  . 


. 60,  67 
. 108 
. 174 

. 436 

54,  58,  60,  62,  65,  279,  395 


477,  485 

474,  485 

116 

2,  36,  122,  187,  251,  319,  384,  415,  168,  493 

60 

. 93,  97 
59,  61,  62,  395 
60 

98,  107,  108,  112,  113,  437,  447 

79,  94,  96,  97,  103,  112 

V avant-coin,  prrecuneus,  . .108 

60 
108 
60 
97 
97 
60 
60 
106 
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77,  79,  84,  95,  97,  99,  100,  110,  324 

59,  62 
59,  62 
59,  62 
467 
97 

106,  334 
61 

95,  99,  113,  343 
85,  86,  323,  330,  334 
97 
71 

. 101 

95,  97,  101,  113,  418,  450 
99,  106,  331,  333,  497 
60 
99 
58 
58,  62 
58,  62 

79,  84,  95,  97,  99,  104,  106,  114,  291,  333,  335, 
336,  369,  370,  418,  498 

vagi,  sew  flocculus,  Flocke,  lobule  da  pneumogastrique,  . . .60 

Localisation  in  the  cortex  cerebri,  .....  112,113,114,498 


Lobus  frontalis,  Stirnlappen, 
inferior  anterior, 

,,  medius, 

,,  posterior, 
infundibuli,  . 
intermedins,  . 
limbicus, 

medianus  cerebelli, 
occipitalis,  Hinterhauptlappen, 
olfactorius,  Riechlappen, 
opertus, 
opticus, 
orbitalis, 

parietalis,  Scheitellappen, 
pyriforrnis,  . 
quadrangulus, 

Rolandi, 

superior  anterior, 

,,  medius, 

, , posterior,  . 

temporalis,  Schlafenlappen, 


Locus  coeruleus, 

Longitudinal  fissure,  great,  Mantelspalte,  incisura,  sen  fissura  pallii, 
Lumbar  enlargement  (intumescentia  lumbalis), 

Luys’  nucleus, 

Lymph  cysts, 

,,  spaces, 

,,  vessels, 

Lyra  Davidis, 


54,  67,  146,  279,  280,  295,  359 
78,  79,  84 


49 

. 292 

. 183 

174,  183 
. 174 

82 


M 

Mandel  des  Kleinhirns,  tonsil. 

Mandelkern,  nucleus  amygdaleus. 

Mantel,  cortex. 

Mantelspalte,  great  longitudinal  fissure. 

Marchi’s  method  of  staining,  . . . • • • 30,  185 

Marginal  zone,  ....  ....  206,  233,  234 

Markkegel,  conus  medullaris. 

Markknopf,  medulla  oblongata. 

Markktigelchen,  corpora  mammillaria. 

Marklager,  sagittales,  radial  fibres  of  centrum  semiovale,  “ optic  radiations  ” 
of  Gratiolet. 

Marklose  Nervenfasern,  non-medullated  nerve-fibres. 

Markmantel  des  Riickenmarkes,  white  matter  of  cord. 

Markscheide,  medullary  sheath. 

M arkscheidenentwickelung,  m y el  i n ation . 

Marksegel,  hinteres,  velum  medullare  posterius. 

vorderes,  velum  medullare  anterius. 

Martinotti’s  nerve-cells,  ...••••  444,  445 

Medulla  oblongata,  Markknopf  oder  verlangertes  Mark,  moellc  allongtc  ou 

bulbc,  ...••■••  H2,  307,  37/ 
spinalis,  . . • • ■ • • .45,  116,  258 
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juarti, 


rctrojlexus. 


Medullar}’  bridge,  . 

,,  centre,  . 

» layer, 

,,  sheath,  Markscheide, 

Melanin, 

Melano-sarcoinata,  . 

Membrana  fenestrata, 

, , limitans, 

,,  obturatoria  ventriculi  q 
Meningitis  spinalis, 

Meninx  fibrosa,  seu  dura  mater, 

,,  serosa,  seu  arachnoidea, 

, , tuberculosa, 

,,  vasculosa,  seu  pia  mater, 

Merkel’s  trophic  root, 

Mesial  geniculate  body, 

,,  tract  of  posterior  column, 

Mcsoblastic  tissues,  . 

Methods, 

Methylene-blue  injection,  . 

Meynert’s  ascending  crus  of  fornix, 

,,  axis  of  section,  . 

,,  bundle.  See  Fasciculus 

,,  commissure, 

,,  cortical  layers,  . 

,,  crossed  descending  root, 

,,  cross  planes, 

,,  scheme,  . 

,,  solitary  cells, 

,,  tegmental  decussation,  foutaual 

Microgyry,  . 

Micromyelia, 

Microtomes, 

Mid-brain,  Mittelhirn,  visiculc  ciribrale  moyennc, 
Middle  cells  of  Waldeyer,  . 

Miliary  aneurysm,  . 

,,  sclerosis, 

Mittelhirn,  mid-brain. 

Mixed  lateral  zone,  . 

Molecular  layer  of  cerebellum, 

,,  ,,  cerebrum, 

Mous,  seu  Mouticulus,  Berg, 

Morphology, 

“ Mossy  ” fibres, 

Motor  nerve-fibres,  . 

,,  nerve-roots,  . 

,,  region  of  cortex, 

Muldenblatt,  alveus. 

Mtiller’s  fluid, 

Muscle-sense  tracts, 

Muscles,  innervation  of, 

Myelination, 

Myelitis,  acute  diffuse, 

,,  annularis, 

,,  chronic,  . 

,,  compressive, 


decussation  of 


61,  395, 


he  tegment, 


mescnccphaloi 


399, 


-91, 


400,  401 


135 


28,  29 


PAGE 
. 206 
396,  442,  469 
444 
131 
178 
465 
172 
132,  213 
68 
253 
474 
479 
483 
482 
359 
341 
240 
191 
5 

35 
430 
257 

294,  338,  341 
. 442 

. 359 

. 257 

. 203 

449 

286,  288,  319 
. 110 
. 253 

9 

. 47,  69 
206,  219 
182,  249,  463 
464 

233,  238 
, 402,  404-411 
444 
61 
38 
401 

197,  215,  219 
202 

. 112 
8 

300,  301,  302 
227 

131,  137,  224 
. 246 

. 263 

. 246 

M7,  253,  316 
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Myelocytes, 
Myxomata,  . 


]>AOE 

150 

465 


N 

Nachhirn,  after-brain. 

Nebenhorn,  hinteres  laterales,  nucleus  funiculi  cuneati. 

i)  ,,  mediales,  nucleus  funiculi  gracilis. 

Nebenkern,  gezackter,  Mcynert's  name  for  nuclei  globosus  et  emboliformis. 
Nebenolive,  vordere,  nucleus  pyramidalis. 

,,  obere  (aussere),  nucleus  olivaris  accessorius  cxternus,  scu  superior 
Neoplastic  elements  in  lymph  spaces, 

Nerve-cell  layer, 

Nerve-cells,  127,  142-163,  192,  193,  195,  196,  216,  217,  219,  220, 

,,  relation  to  axis-cylinder, 

-cement, 
corpuscle, 

fibres,  . . 126,  142,  187, 

olfactory, 
process, 

root  cells  ( cellules  radiculaires),  classiiicatio 
roots,  development,  . 

,,  grouping  of,  . 

,,  meanings  of  term, 

tracts, 

Nerves,  grouping  of  cranial, 

,,  of  the  dura  mater,  . 

Nervous  system,  literature  of, 

,,  tissue, 

Nervus  abducens,  . 


183 
326 

378,  379,  442-445,  446 
30 
165 
152 

242,  445-447,  502,  503 


195-198,  224-2 

44 
148 

n of,  . . . . 220 

39 
202 
199 
197,  298 
378 
476 
2,  3 
502 

51,  56,  271,  273,  274,  275,  295,  354-355,  374,  388 
accessorius  Willisii,  scu  recurrens,  Beinerv,  . 51,  56,  207,  380-382,  390 

acusticus,  Hornerv,  51,  53,  54,  64,  270,  275,  276,  281,  365-375,  389,  390 
eochlearis,  ........  366-370,  373 

facialis,  Gesichtsnerv,  . 51,  54,  270,  274,  275,  295,  362-365,  374,  379,  388 
glossopharyngcus,  Zungenschlundkopfnerv,  51,  56,  64,  281,  363,  375-380,  390 
bypoglossus,  Zungenfleischnerv,  . . 51,  56,  261,  295,  363,  382  384,  390 

intermedius  Wrisbergi,  ......  365,  376 

Lancisii,  . . . . . 45,  80,  84,  91,  324,  449 

lateralis,  .........  380 

masticatorius,  . . . . . . . 358 

oculomotorius,  gemeinsamer  Augenmuskelnerv,  51,  62,  71,  284,  285,  286, 

287,  295,  347,  352,  386,  387,  501 
olfactorius,  Riechnerv,  . . . 322,  326,  334,  384,  385,  499,  504 

opticus,  Sehnerv,  . 44,  51,  53,  62,  84,  324,  337-347,  385,  386,  499,  501 

patheticus,  .........  352 

pneumogastricus,  scu  vagus,  herumschweifender  Nerv,  . . . 380 

recurrens,  ........  380-382 

trigeminus,  . 51,  200,  275,  276,  277,  279,  281,  295,  355,  362,  363,  374,  388 

trochlearis,  Rollmuskelnerv,  53,  54,  71,  281,  282,  283,  295,  352-354,  387,  388 
vagus.  See  Nervus  glossopharyngcus. 

vestibularis,  .......  370-375 


Neura, 
Ncuraxon,  . 
Neurilemma, 
Neurite, 
Neuroblasts, 


126 
. 148 

. 132 

. 148 

42,  164 
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Neurocyte,  ..••••• 

Neurodendron,  ..-••• 
Neurogleia,  .••••• 

„ cells,  development,  .... 

„ layer,  ...... 

Neurokeratin  network,  ..... 

Neuron,  ...••■• 
Nouropilema,  ...... 

Neuropodion,  ...... 

Neurosoma,  ...... 

Neurospongium,  ...... 

Nissl’s  corpuscles  or  cell  bodies,  .... 

,,  method,  . 

Nodes  of  Ranvier,  ...... 

Nodulus,  Knotchen,  nodule,  .... 

Non-medullated  fibres,  ..... 

Nuclear  division  of  nerve-cells,  .... 

,,  stains,  ...... 

Nuclei  central,  ...... 

„ end,  ...... 

,,  of  origin,  ...... 

„ pontis,  ...... 

,,  subdentati,  ...... 

,,  (white)  of  tegment,  . .... 

Nucleus,  meaning  of  term,  ..... 

,,  ambiguus  ......  262, 

,,  amygdaleus,  sew  amygdalifonnis,  Mandelkern,  . 

,,  angularis,  ..... 

,,  anterior  thalami,  centre  antirieur  dc  la  couche  optujae, 


1-26 


165-1 


142 
126 
71,  190 
42,  411 
438 
132 

, 148,  192,  297 


156 
148 
145 
156 
144,  162 
. 466 

43,  129,  131 
59,  61,  63,  395 
. 135 

. 161 
17 
391 
. 197 

197,  227 
. 272 

64 

. 394 

. 199 

263,  267,  377,  379,  383 
78,  84,  292,  324,  451 
. 372 

75,  76,  79,  291,  292, 


» » 
1 1 


> J 
1 > 
11 


11 
11 
n 
»» 
1 1 
1 1 
1 ) 
1 J 
it 
a 


293,  294,  295 

arciformis,  ........  313 

arcuatus,  ........  262,  295,  308 

,,  triangularis,  . . . . . . . 264 

caudatus,  sen  corpus  striatum  (iu  limited  sense),  geschwanzter  Kern, 
Schweifkern  odcr  Schwanzkern,  Streifenhiigel,  Noyau  caudi, 
intraventricular  nucleus  of  corpus  striatum,  47,  48,  55,  63,  74,  76,  78,  79, 

85,  87,  91,  202,  292,  294,  300,  418,  423,  426 
centralis  inferior,  ......  269,  317,  319 


,,■  superior, 
eerebello-acusticus, 
dentatus,  sen  denticulatus,  noyau  dcniele,  corps 
dentate  nucleus  or  cerebellar  olive, 
emboliformis,  scu  embolus,  Pfropf, 
fascia;  dentate, 


. 282,  283,  319 
. 373 

rhombo'idal  da,  cervclct, 

. 64,  271,  280 
. 64,  281,  392 

455,  456 


fasciculi  longitudinalis  superior  of  Edinger, 
fastigii,  ..... 
fimbriatus,  .... 
funiculi  anterioris, 

,,  cuneati,  .... 

,,  gracilis,  .... 

,,  lateralis,  .... 

,,  teretis,  .... 
globosus,  Kugelkern, 
intercalates  of  Staderini,  . 
lateralis  anterior,  .... 

,,  dorsalis,  .... 


64, 

•261, 
260,  261,  266,  307, 
260,  261,  266,  295,  307, 
260, 


260 


, 267,  371, 
64,  281, 
383, 


318 

392 

63 

262 

308 

30S 

262 

383 

392 

3S4 

348 

264 
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Nucleus  lateralis  ruedius,  .......  264,  377 

» » tegmenti,  .......  282 

,,  „ thalami  optici,  ...  76,  78,  79,  290,  291,  292,  293 

,,  lemnisci  lateralis,  ......  278,  308,310 

„ ,,  medialis,  .......  309 

,,  lenticularis,  scu  lentiformis,  Linsenkern,  47,  75,  78,  79,  85,  202,  290,  291, 

292,  293,  294,  300,  418,  423,  426,  501 
,,  lenticulatus  cerebelli,  .......  64 

,,  lentiformis  = lenticularis. 

,,  medialis,  ........  76,  267,  383 

,,  medius  thalami  optici,  ....  75,  78,79,290,  291,292 

,,  medullaris  corporis  deutati,  ......  391 

, , of  roof.  See  N.  tecti. 

,,  olivaris,  ......  64,  281,  295,  314,  363 

,,  ,,  accessorius  anterior,  scu  pyramidalis,  vordere  Nebenolive,  264,  314 

,,  ,,  ,,  externus,  sew  superior,  aussere  Nebenolive,  267,  271,  368 

,,  pontis,  .........  299 

, , posterior,  scu  triangularis.  See  iV.  triangularis. 

,,  reticularis  tegmenti,  ......  274,  304,  309 

,,  ruber  tegmenti,  rother  Kern.  See  N.  tegmenti. 

,,  of  Schwann’s  sheath,  . . .....  129 

,,  tseniaeformis  ( Arnold ),  claustrum,  . . . . .76 


tecti,  Dachkern,  noyau  du.  toit,  nucleus  of  roof  of  Stilling,  63,  64,  280,  281, 

392,  395,  396 

tegmenti,  rother  Kern,  noyau  dc  la  calotte,  Stilling’s  red  nucleus,  78,  279, 

286,  287,  289,  290,  295,  301,  319,  394,  398,  418 
trapezoides,  Trapezkern,  . . . . . 274,  275,  367 

triangularis,  ......  347,  371,  373,  374 

vestibularis,  . . . . . . . .318 


O 

Oberwurm,  vermis  superior. 

Obex,  Riegel,  le  verrou,  .... 
Obliteration  of  small  vessels, 

Occipitalbiindel,  senkrechtes,  optic  radiations. 
Occipital  lobe,  Hinterhauptlappen, 

„ pole,  ..... 

Oculomotor  nucleus,  .... 

Olfactory  bulb.  See  Bulbus  nervi  ol/actorii. 

,,  epithelium,  .... 

,,  lobe.  See  Lobus  olfaclorius. 

,,  membrane,  .... 

,,  nerve.  See  Nervous  olfactorius. 

,,  root,  . 

,,  tract,  ..... 

Olivary  eminence,  ..... 

Olive, 

,,  inferior,  ..... 

,,  superior,  ..... 

„ „ ofLuys,  .... 

Olivenzwischenschichte,  interolivary  tract. 

Operculum,  Klappdeckel,  opcrculc  dc  la  fosse  dc  Sylvius, 
Ophthalmoplegia  nuclearis, 

Optic  ganglion  basal  of  Wagner, 

,,  nerve.  See  Ncrvus  opticus. 


. 67,  265,  266 

. 179 

. 78,  79 

94,  96,  98,  102,  117,  433 
285,  287 

. 323 

. 322 

330,  331 
. 323,  329,  330 
. 265 

. 262,  267,  269 
51,  53,  308,  313 
274,  275,  308,  368,  369,  374 
287,  394 

91,  99,  108,  117 
. 355 

. 341 
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Optic  radiations  of  Gratiolot,  sagitalles 
senkrechtes  Occipitalbiindel, 

,,  thalamus,  Sehhugel,  couche  optique, 
Organ  of  Corti,  .... 
Osmatic  animals,  .... 
Ossification  of  the  dura  mater, 

Osteomata,  ..... 
Oval  tract,  ..... 


PAGE 

Marklager  (in  narrower  sense), 

301,  338,  343,  421,  499 
53,  55,  63,  72,  202,  500 
. 373 

. 323 

• . 477 

. 414,  465,  4S1 
. 240 


gmentosa), 


314 


Pacchionian  bodies  or  granulations  or  glands.  See  Glandules  Pacchioni. 
Pachymeningitis,  . 

,,  cervicalis  hypertrophies, 

,,  interna  hoemorrliagica  (i 

Pallium, 

Pal’s  medullary  stain, 

Papillo-macular  region, 

Paracentral  lobule.  See  Lobulus. 

Parallel  convolution, 

,,  fissure, 

Paralysis  agitans,  . 

,,  glosso-labio  pharyngeal, 

Parasinoidal  spaces, 

Parietal  or  pineal  eye, 

,,  ,,  lobe,  . 

Par  quintnm, 

Peduncle  of  the  corona  radiata, 

,,  of  the  olive, 

Pedunculi  pontis,  . 

Pedunoulus  bulbi  olfactorii, 

,,  cerebelli  medins, 

,,  cerebri,  seu  erns,  Hirnschenkel,  pul  on 
,,  conarii, 

,,  corporis  callosi, 

,,  corp.  mammillaris, 

,,  cunei,  Zwickelstiel, 

,,  flocculi, 

, , pinealis, 

, , septi  pellucidi, 

Pericellular  lymph  spaces, 

Perichoroidal  space, 

Peridural  space, 

Peridyma,  . 

Periencephalitis  chronica, 

Perineural  sheath,  . 

Peripheral  grey  tube,  grey  matter  formet 
axis  outside  the  white  tube, 

,,  root, 

Perivascular  lymph  spaces,  . 

Pes  hippocampi  major, 

,,  ,,  minor. 


cule, 


63 


on  the  surface  of  the  cerebro-spinal 


81,  84 


477,  478,  479 
253,  479 
478 
85 

21 

. 337 

. 105 

. 104 

249 
. 384 

473,  475 
470 
78,  311 
. 355 

. 429 

355,  368,  374 
. 393 

329,  330 
57 

55,  301,  501 
55,  73,  470 
. 332 

286,  287,  430 
83,  106,  108 
59,  63,  397 
76,  420 
324,  332,  333 
174 
474 
473 
213 
462 
133 


203 

200 

174 

90 

89 


,,  pedunculi,  seu  crusta,  Hirnschenkelfuss,  jried  du  pcdonculc,  51,  53,  63,  69,  71,  79, 

84,  91,  284,  289,  290,  295,  301,  303,  324 

Pfropf,  nucleus  emboliformis. 

Physiological  method,  ........  34 

Pia  mater,  meuiux  vasculosa,  tunica  propria,  Gefasshaut,  pie  mire,  824,  442,  473,  482 

2 L 
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Pick’s  bundle,  .... 
Picrocarmine, 

Pigment  in  the  adventitia,  . 

,,  in  the  pia  mater,  . 

,,  in  the  pineal  gland, 

„ in  nerve-cells, 

Pillars  of  fornix.  See  Crura  fornicis. 

Pineal  body  or  gland.  See  Glandula  pinealis. 


PAGE 

. 379 

14 

176,  178 
. 483 

. 470 

145,  427 


,,  eye.  See  Parietal  eye, 

Piniform  decussation, 

Plexus  choroideus  cerebelli. 

,,  ,,  cerebri,  . 

,,  ,,  lateralis, 

,,  ,,  medius,  . 

,,  externus, 

,,  internus, 

Pluricordonal  cells. 

Points  de  repercs, 

Pole,  frontal,  ......  9^ 

,,  occipital, 

,,  temporal, 

Poliencephalitis  ha;morrhagica, 

,,  inferior, 

,,  superior,  . 

Poliomyelitis  anterior  acuta, 

Polster,  pulvinar. 

Polygon,  heptagon  or  circle  of  Willis, 

Polygyry,  . 

Polymorphous  cells, 

Polyneuritis, 

Pons  Varolii,  Briicke,  pout  de  Varolc,  protuberance  annulaire,  45, 


262 

67,  484,  485 
86,  484,  485 
67,  87,  88,  91 
87 
441 
441 
220 
115 

96,  98,  101,  102,  107 
94,  96,  98,  102 
94,  98,  102,  107 
. 355 

355,  384 
. 355 

247,  355 

. 487 

. Ill 
444,  445 
. 245 

51,  53,  57,  271,  272, 


273,  295,  299,  363,  398,  501 

Ponticulus,  . . . . . . . . 53,  65,  67,  266,  283 

Porencephalia,  . . . . . . . . .111 

Posterior  column  of  cord,  52,  53,  54,  62,  205,  207,  210,  212,  225,  233,  234,  239,  306, 


,,  ependyma  wedge, 

OU/,  008 

. 223 

,,  external  region,  . 

. 234 

,,  horn  of  lateral  ventricle,  . 

. 88,  89 

,,  ,,  spinal  cord, 

205,  207,  209,  233,  234 

,,  lobe  of  the  hypophysis,  . 

. 468 

,,  longitudinal  bundle,  hinteres 

Langsbiindel, 

Acusticusstrang 

( Mcyncrt ),  oberer  weisser  Saum  der  reticularen  Sub- 
stanz  ( Henlc ),  oberes  Langsbiindel  ( Stieda ),  fibres 
spinales  des  regions  postiricures  (Lays),  Fasciculus 


longitudinalis  posterior,  64,  269,  281,  289,  295,  301.  317,  321 
,,  ,,  or  dorsal  fissure,  ......  54 

,,  spinal  roots,  .....  207,  215,  216,  225,  234,  239 

,,  of  the  two  hinder  vesicles,  ......  47 

,,  vesicular  columns  of  cord,  ......  209 

,,  white  columns  of  cord,  ......  52,  207 

Postcro-external  tract,  i ......  233 

Precommissural  fibres,  ........  429 

Precuneus,  Vorzwickel,  . . . • • ■ .98,  107,  108 

Preparation  of  brain,  . ......  122,  294,  296 

Primitivband,  axis-cylinder. 
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Primitive  fibrillre,  .... 

PAGE 
. 128 

Processus  cerebelli  ad  corpora  quadrigemina, 

seu  ad  cerebrum,  . . . 393 

,,  cervicalis  medius, 

207,  209 

,,  falciformis  major, 

475 

„ „ minor, 

. 475 

,,  mammillaris, 

. 259 

,,  olfactorins  fornicis, 

333 

,,  reticularis, .... 

206,  207,  209,  259,  381 

Progressive  bulbar  paralysis, 

384 

Projection  systems  of  Meynert, 

. 203 

Proliferation  of  nuclei, 

183 

Propons,  seu  ponticulus.  See  Pontieulus. 
Prosencephalon,  .... 

48 

Protoplasmic  commissure  of  Ramon  y Cajal, 

220,  382 

,,  processes, 

. 127,  153,  194 

Psalterium,  ..... 

82,  87 

Psammomata,  .... 

465,  477 

Pseudo-hypertrophy  of  vessels, 

180 

Pulvinar  thalami,  Polster, 

. 53,  55,  63,  73,  78,  341,  501 

Purkinje’s  cells,  . 

146,  402,  403,  405,  406,  409,  410 

Putamen,  ..... 

75,  78,  294,  423 

Pycnomorphous  nerve-cells, 

. 168 

Pyramid,  . .51,  53,  59,  61,  63,  261 

269,  281,  295,  299,  303,  306,  374,  395,  438 

,,  of  medulla,  anterior, 

64 

,,  posterior,  clava,  . 

. 54,  56 

Pyramidal  cells,  298,  299,  438,  439,  442 

-445,  447,  448,  449,  450,  454,  457,  459,  461 

,,  decussation, 

. 258,  260,  304 

„ tracts,  232,  233,  234,  235,  237, 

260,  262,  298,  299,  300,  301,  302,  304,  305, 

306,  319 

Pyramidenseitenstrang,  lateral  pyramidal  tract. 

Pyramidenvorderstrang,  anterior  or  direct  pyramidal  tract. 

Pyramis  cerebelli,  pyramid, 

61 

Pyriform  appendages, 

. 148 

Q 

Quader,  lobulus  quadratus. 

Querspalte  des  grossen  Gehirns,  transverse  fissure. 

Quintusstrange  (also  called  by  Meynert  fasciculi  marginales  aqureducti),  quintus 
columns,  tracts  of  the  fifth  nerve. 

Quintus  tracts  or  columns,  ........  288 

R 

Racine  bulbairc, 

Radial  fibres, 

„ layer, 

Radiatio  corporis  callosi, 

,,  strio-thalamica, 

Radices  ascendens  et  descendens  fornicis, 

Radix  anterior, 

, ascendens  of  the  trigeminus, 

,,  cochlearis,  . 

,,  descendens  of  the  optic  tract, 

,,  posterior  cervicalis  prima,  . 

,,  vestibularis,  . 

Ramus  anterior, 


408,  415,  446 
. 408 

80 
421 

82 

207,  260 
. 357 

366,  369 
. 341 

207,  260 
. 366 

91 
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Ramus  lateralis  of  auditory  nerve, 

,,  medialis  ,,  ,, 

,,  medullaris  horizontal  is, 

,,  ,,  verticalis, 

,,  visceralis,  . 

Randbogen,  ausserer,  external  arcuate  convolution 
Randspalte,  fissura  choroidea. 

Randzone,  border-zone  of  Lissauer. 

Ranvier’s  nodes,  ttranglcmcnts  annulaires, 

Raphe, 

,,  of  the  corpus  callosum, 

,,  posterior, 

Rautengrube,  floor  of  fourth  ventricle. 

Recessus  chiasmatis, 

,,  infrapinealis, 

,,  infundibuli, 

,,  lateralis  ventriculi  quarti, 

,,  opticus, 

,,  subpineal  is, 

Red  nucleus.  See  Nucleus  tegment 
Reflex  bundle, 

,,  cells, 

Regeneration  of  nerve-fibres, 

Regio  hypothalamica, 

,,  subthalamica, 

Region  godronnie,  . 

,,  hippocarnpica, 

,,  hippocampiqicc, 

,,  inf  tricure,  . 

,,  supericure,  . 

Reichert’s  sledge  microtome, 

Relation  of  skull  bones  to  brain  surfaces, 

Remak’s  fibres, 

Respirationsbiindel  (Krause),  Solitarbiindel  (Stilling), 
vagus  spinal  glossopharyngeal  root. 

Respiratory  bundle,  ..... 

Restiform  nucleus,  ...... 

Retarding  fibres,  ...... 

Retina,  ....... 

Rhombocephalon,  ...... 

Riechkolben,  olfactory  bulb. 

Riechlappen,  olfactory  lobe. 

Riechnerv,  olfactory  nerve. 

Riechwurzeln,  olfactory  roots. 

Riegel,  Obex. 

Rima  transversa  cerebri,  transverse  fissure  of  Bichat, 
Rindenschleife,  cortical  fillet. 

Root-zone,  Wurzelzone,  zone  racliculaire, 

Rosette  fibres,  ...... 

Rostrum  corporis  callosi,  Schnabel  des  Balkens,  . 

Rotation  of  great  brain,  ..... 

Rother  Kern,  red  nucleus  of  tegment. 

Roy’s  microtome,  ...... 

Ruban  de  Reil,  fillet,  ..... 

,,  fibreux  oblique,  ..... 

Riickenmark,  spinal  cord. 


PAGE 

373,  374 
373,  374 
63,  395 
63,  395 
. 214 


129,  131 

64,  262,  263,  275,  281,  374 
80 

. 223 

88 

. 63,  73 

72 
68 
63 

288,  289 

. 230 

. 221 
. 140 

73 

78,  292 
457,  458 
457 
457 
457 
457 
9 

115 
134 

ascending  root  of 

207,  208,  209,  381,  382 
. 260 
. 215 

337,  338 
48 


63 

. 233,  234,  239 
. 401 

63,  80,  83,  84,  324 
496-505 

10 

65 

65 
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Sabatier’s  ventricle,  .... 

Saccule,  ...... 

Sacral  ventricle  of  birds,  Sinus  rhomboidalis  posterior, 

Safranin  staining  of  Adamkiewicz,  . ... 

Sagittal  basal  tract,  .... 

„ fibres,  ..... 

Sagittales  Marklager,  optic  radiations  and  other  vertical  fibres. 
Sandkorper,  corpuscula  arenacea. 

Sarcoma  cells,  . . . 

Sarcomata,  ........ 

Scarpa’s  ganglion,  ....... 

Scheidewand,  durchsichtige,  septum  peliucidum. 
Scheitellappen,  parietal  lobe. 

Schenkel  des  Gewolbes,  pillar  of  the  fornix. 

Schlafenlappen,  temporal  lobe. 

Schlafenpol,  temporal  pole. 

Schleife,  fillet. 

Schleifenbiindel  zum  Fuss,  tract  from  the  fillet  to  the  crusta. 
Schleifenkern,  nucleus  of  the  fillet. 

Schleifenkreuzung,  decussation  of  the  fillet. 

Schleifenschicht,  fillet. 

Schlussplatte,  lamina  terminalis. 

Schnabel  des  Balkens,  rostrum  corporis  callosi. 

Schniirringe  von  Ranvier,  nodes  of  Ranvier. 

Schultze’s  comma-shaped  tract,  . . . . . 

Schwalbe’s  method  for  dry-bruins,  . 

Schwanzkern,  nucleus  caudatus. 

Schweifkern,  nucleus  caudatus. 

Sclerosis  of  the  cerebellum, 

,,  „ cerebrum,  . 

,,  ,,  cornu  Ammonis, 

,,  disseminated, 

,,  of  nerve-cells, 

Secondary  anterior  cerebral  vesicle, 

,,  degeneration, 

Sections,  preparation  of, 

Seepferdefuss,  grosser,  hippocampus  major. 

,,  kleiner,  hippocampus  minor. 

Segmentary  degeneration  of  nerve-fibres,  . 

Segments  intcrannulaires,  .... 

Sehcentrum,  cortical  visual  centre. 

Sehhiigel,  optic  thalamus. 

Sehnerv,  optic  nerve. 

Sehstrahlungen,  optic  radiations. 

Seitenhorn,  lateral  horn  of  spinal  cord. 

Seitenstrang,  lateral  column  of  spinal  cord. 

Seitenstrangkern,  nucleus  funiculi  lateralis. 

Seitenstrangzone,  gemischte,  mixed  lateral  zone. 
Seitenventrikel,  lateral  ventricle. 

Semicircular  canals, 

Senile  atrophy  of  cerebellum, 

,,  ,,  cerebrum, 

,,  ,,  spinal  cord, 

Sense  centres, 


97 

. 373 

52,  224 
18 
395 
78 


183 

465 

370 


. 233,  234,  240 
39 


413,  415 
. 464 

. 464 

245,  249,  464 
160,  170 
47 

29,  170,  241,  297,  311,  414 
. 6,  204,  257 


141 

131 


373,  398 
. 413 

461 
. 251 

. 428 
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Sense  organs,  homology  of  elements  of, 
Sensory  ganglia,  development, 

,,  motor  bundle, 

,,  nerve  cells, 

,,  ,,  fibres, 

,,  „ roots, 

Septum  medianuin  dorsale, 

, , , , posterius, 

,,  paramedianum  dorsale, 


PAGK 

328,  329 
44 

. 230 

152,  197 
135,  197,  219,  229 
. 202 
205,  207 
. 214 

207,  210 


pellucidum,  durchsichtige  Scheidewand,  cloison  transparent,  55,  76,  78,  81, 

83,  85,  294,  447,  451,  501 

posticum,  .........  223 


Series  of  sections,  IVcigcrt's  method, 

Sheath  of  Henle, 

,,  Schwann, 

Sichel,  falx  major. 

Sillon  ammonique,  . 

, , collateral  poslirieur.  See  Sulcus  lateralis  dorsalis. 
Silver,  impregnation  with,  . 

Sinus  longitudinalis  superior, 

.,  rhomboidalis, 

,,  ,,  inferior, 

, , , , posterior, 

,,  subarachuoidalis, 

Size  of  brain, 

Skin,  innervation  of, 

Smell,  sense  of.  See  Ncrvus  olfactorius. 

Softening  of  the  brain, 

Solitares  (Stilling)  oder  Respirations  (Krause)  Biindel, 
Spatium  infrachoroidenm,  . 

Specific  gravity  of  brain, 

Spider-cell  commissure, 

Spider-cells, 

Spinal  abscess, 

,,  cord, 

dimensions  of,  . 
fibres  in, 
histology  of,  . 
pathology  of,  . 
topography  of,  . 
tracts  in, 
vessels  of, 
weight  of, 

,,  ganglia, 

,,  ,,  development, 

,,  glossopharyngeal  root, 

,,  nerve-roots,  . 

.,  paralysis, 

„ root, 

Spindelwindung,  fusiform  convolution. 

Spinnenzellen,  spider-cells. 

Splenium  corporis  callosi,  bourrelet  du  corps  callcux, 
Spongioblasts,  . 

Spongioplasm,  . • • • 

Spongious  zone,  . 

Stabkranz,  corona  radiata. 


asciculus  solitarius. 


12 

133,  134 
32,  129,  132,  134 

. 116 


26,  147 
. 473 

65,  224 
224 
52,  224 
479 
118 
. 231 


465 


88 
121 
. 223 

167,  439 
248 

45,  49,  192-256 
49 

224-242 
212-224 
245-246 
49,  204 
. 298 

242-245 
. 121 
200,  251 
39 

. 376 

31 

. 247 

. 357 


63,  76,  80,  83,  114 
40,  164 
129 

. 221 
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PAGE 

Staining,  . . 14-27,  128,  131,  132,  133,  166,  167,  168,  171,  185,  204,  206,  404 

Stamm,  brain-stem. 


Stem  process, 

Stiel  des  Kleinhirns,  peduuculus  cerebelli 

Stilling’s  cells, 

,,  constant  root  of  the  trigeminus, 

,,  hypoglossal  nucleus, 

Stimulation, 

Stirnlappen,  frontal  lobe. 

Stirnpol,  frontal  pole. 

Strato  bianco-cinereo  profundo, 

,,  ,,  ,,  superticiale,  . 

Stratum  cellularum  pyramidalium, 

,,  cinereum,  . 

,,  complexum, 

,,  dorsale, 

,,  gelatinosum, 

,,  glomerulosum, 

,,  granulosum  fascia-  den ta tie, 

,,  ,,  of  olfactory  bulb, 

,,  intermedium,  Zwischenschicht, 

,,  lacunosurn  sen  reticulare  scu  medullare  medium, 

,,  inarginale,  . . 

,,  moloculare, 

„ nigrum,  . 

,,  oriens, 

,,  profundum  pontis, 

,,  radiatum,  . 

,,  reticulare  cornu  Ammonis, 

,,  reticulatum  thalami, 

,,  sagittale  externum, 

,,  superticiale  pontis, 

,,  zonale, 

,,  ,,  oliv.-e  inferioris,  Vliess  der  unteren  Olive, 

,,  ,,  thalami,  . 

Streifenhiigel. 

Stria  alba  tuberis,  . 


,,  cornea,  sea  terminalis,  tenia  cornea,  Grenzstreif,  Hornstreif,  la  lame 


comic,  • . 

,,  externa  of  olfactory  root, 

,,  interna  of  olfactory  root, 

,,  longitudinalis  corporis  callosi, 
,,  ,,  externa, 


325,  326 


148 

210 

363 

382 

34 


344 
344 
454,  456 
. 344 

. 273 

313 
326 
. 325 

453,  455,  456,  458 
. 325,  326,  327 
71,  292,  301,  303,  424 
79,  453,  454,  456 
. 455 

, 327,  438,  454,  455,  456,  457 
71 

453,  451,  455,  456,  457 
. 273 

450,  453,  454,  456,  457 
454 

. 292,  294,  420 
434 
. 273 

72,  290,  295,  314,  315,  340,  344,  418,  420 

. 313 

72,  290,  340 


429,  430 


55,  63,  73,  76,  91 
. 331 

.331 
80 

. 449 


,,  medullaris  thalami  optici,  seu  stria  pinealis,  oberes  Markblatt  des 
Conariums,  pedoncale  antirieur  de  la  glandc  pinialc,  the  basal  or 
attached  portion  of  the  taenia  thalami,  . ....  73,419,429 

,,  terminalis,  .........  73 

Strife  laterales  nervi  Lancisii,  .......  432 

,,  lougitudinales  mediales,  sea  Ncrvus  Lancisii,  80,  83,  84,  90,  91,  324,  432,  437, 

449,  450 

,,  medullarcs,  scu  acusticae,  barbes  da  calamus  scriptorius,  45,  57,  65,  201,  269,  295, 

321,  367,  368,  369,  374 

,,  obtectae,  . . . . . . . . 45,  449 

Strickkorper,  corpus  restiforme. 

Structure  of  nerve-cells,  . . . . . . . 144,  156 

Stiitzgewebe,  supporting-tissue. 
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Subarachnoid  sinus,  .... 

PAGE 

. 479 

)i  Sp&CUj  •»  9 4 

. 473,  474,  479 

, , tissue,  .... 

. 473,  474,  479 

Subdural  space,  ..... 

473,  474 

Subiculum  cornu  Ainmonis, 

90,  437,  449,  452 

Sublimate  colouring  of  Golgi, 

25 

,,  ,,  Pal, 

25 

Subpia,  ...... 

. 213 

Substantia  ferruginea  ccrebelli, 

. 67,  279,  280,  356,  359,  392 

,,  gelatiuosa,  .... 

. 206,  221,  222,  260,  356,  358 

,,  ,,  centralis, 

. 206,  233,  234 

..  „ Rolnndi,  . . 206,  207,  221,  222,  233,  234,  265,  358 

,,  innominata,  seu  ansa  peduneularis, 

. 421 

,,  nigra  Soeinmeringi,  . . 71,  146, 

284,  285,  288,  289,  295,  301,  427 

,,  perforata  anterior,  vordere  Siebsubstanz,  substance  perforce  antcricure.,  81, 

83,  84,  102,  324 

,,  ,,  posterior, 

. 51,  289,  501 

,,  reticularis,  .... 

. 196 

,,  , , alba,  .... 

262,  263,  269,  317 

,,  ,,  Arnoldi, 

.90 

» » grisea, 

. 261 

, , spongiosa,  .... 

. 206,  215,  220 

Sulci  cerebelli  superioris  anterior,  . 

, . . . 59 

,,  ,,  „ posterior,  . . : 

59 

,,  temporales,  ..... 
,,  See  also  Fissurce. 

91 

Sulcus  arcuatus,  Bogenfurche,  sillon  argue, 

106,  118 

,,  calloso-marginalis,  .... 

79,  94,  96,  98,  107,  116 

,,  centralis,  ..... 

95,  96,  102,  107,  108,  116,  118 

,,  ,,  insulae,  .... 

. 108 

,,  choroideus,  ..... 

. 55,  73 

,,  circularis  Reilii,  .... 

. 108 

,,  corporis  callosi,  .... 

. 83,  91,  97,  98,  105,  106,  116 

,,  corporuin  quadrigeminorum  longitudinalis, 

. 55,  69,  283 

„ „ „ sagittalis, 

. 287 

,,  ,,  ,,  transversus, 

. 53,  55,  63,  70,  285 

,,  cruciatus,  ..... 

101,  102,  116,  117 

,,  diagonalis  operculi,  .... 

. 101 

,,  tlocculi,  ..... 

.59,  60 

,,  fornicatus,  ..... 

. 107 

,,  frontalis,  ..... 

94,  96,  100,  101,  102,  118 

,,  fronto-margiualis,  .... 

. 101 

,,  fronto-parietalis,  .... 

. 107 

„ gyri  lingualis,  .... 

. 108 

,,  horizon talis  magnus  cerebelli,  Grand  sillon 

circonfcrentkd  de  Vicq 

d’Azyr,  ..... 

.58,  59,  63 

,,  inferior  anterior,  .... 

59,  60,  63 

,,  ,,  posterior,  . . , 

59,  60,  63 

,,  in fraorbitalis  inferior, 

108 

,,  interbrachialis,  .... 

. 70,  284,  287 

,,  intermedius  posterior, 

52 

,,  intcrparietalis,  .... 

116 

,,  lateralis  dorsalis  medulla  spinalis,  . 

. 49,  53,  54,  55,  207 

,,  ,,  mesencepliali, 

53,  55,  69,  70,  71,  285 

,,  ,,  ventralis  medulla;  spinalis, 

. 51,  53,  260 

,,  longitudinalis  inferior  cerebelli, 

. 58,  59 
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PAGE 

Sulcus  longitudinalis  medianus  anterior,  . 

49 

„ „ „ posterior,  . 

49 

„ „ superior,  . 

57 

,,  ,,  ,,  ventriculi  quarti,  . 

. . . . 55 

,,  medianus  longitudinalis  sinus  rhomboidalis, 

65 

,,  medius  substantiai  perforata;  anterioris, 

84,  324 

,,  Slonroi,  ..... 

. . . 63,  87,  88 

,,  uervi  oculomotorii,  .... 

. 51,  69 

,,  occipitalis  lateralis,  . . . 

104 

„ ,,  transversus, 

96,  104 

,,  occipito-temporalis,  .... 

. 79,  83,  91,  98,  102,  104,  107 

,,  olfactorius,  ..... 

102,  330 

,,  oliva:  internus,  .... 

53 

,,  orbitalis,  ..... 

101,  118 

,,  paracentralis,  .... 

98,  107 

,,  paramedianus  dorsalis, 

52,  54,  55 

,,  ,,  posterior, 

. 260 

,,  parapyramidalis,  .... 

53 

,,  parietalis,  ..... 

. 94,  102,  108 

,,  postcentralis,  .... 

. 79,  94 

,,  ,,  Reili,  .... 

. 109 

,,  postolivaris, ..... 

. 51,  53,  266 

,,  postrolandicus,  .... 

102 

,,  pracentralis,  .... 

. 79,  94,  96,  100,  116 

,,  pra;sylvius,  ..... 

116,  117 

,,  rectus,  ..... 

101,  118 

,,  Rolandi,  ..... 

.95 

,,  subparietalis,  .... 

83,  98,  107,  108 

,,  substantia;  perforata;  posterioris, 

. 51,  69 

,,  superior  anterior,  .... 

. 58,  59,  61,  63 

,,  ,,  posterior,  .... 

. 58,  59,  61,  63 

,,  temporales,  ..... 

94,  96,  102,  104 

,,  triradiatus,  ..... 

. 101 

Super-radial  nerve-web,  .... 

. 441 

Supporting  tissue,  ..... 

165 

Sutura  corporis  callosi, 

80 

Sylvian  fossa,  ..... 

93,  99,  497,  504 

Syphilis  of  brain-vessels,  .... 

. 493 

,,  of  the  dura  mater, 

• . . 477,  479 

Syringo-myelia,  ..... 

250,  379 

T 

Tabes  dorsalis,  ..... 

. 251,  316,  362,  379,  380,  384 

Tsenia.  See  Stria  cornea. 

,,  hippocampi.  See  Fimbria. 

,,  pontis,  ..... 

• . . . 53,  65 

,,  tecta,  ..... 

80 

,,  thalami  optici,  stria  pinealis,  tenia  fornicis,  tenia  ventriculi  tcrtii, 
oberes  Markblatt  des  Conariums,  pMonculc  ant&ricur  dc  la  glandc 
pintalc,  . . . . . 55,  63,  73,  87,  290,  291 

,,  ventriculi  quarti,  ........  67 

„ ,,  tertii.  See  T.  thalami  optici. 

Tamiola  cineren,  .........  269 

Tangential  cortex  fibres,  ........  441 

Tapetum  Reili, 78,  89,  91,  431,  435 
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Varicose  axis-cylinders, 

,,  degeneration  of  the  axis-cylinder, 
Varieties  of  the  circle  of  Willis, 

,,  of  convolution, 

Vascular  process  of  spider  cells, 

Vaso-corona  medulla;  spinalis, 

Vassale’s  method  of  staining, 

Vater’s  corpuscles,  .... 

Veins  of  the  brain,  .... 
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hinteres  Marksegel,  voile  sur  Ic  quatrUmc  vcntriculc,  59,  62,  67 
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Vena  cerebri  interna  communis, 

, , magna  Galeni, 
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,,  Sylvii  superiinalis,  . 
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„ terminalis,  . 
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„ Verge, 
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Vermis,  . 

,,  cerebelli  inferior,  Unterwurm, 

,,  superior,  Oberwurm, 
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Vicq  d’Azyr’s  bands,  lineola  albida  Gennari, 

„ „ bundle, 

„ „ stripe,  . • 

Vierhiigel,  corpora  quadrigemina. 

Vierhiigelarme,  brachia  corporum  quadrigeminorum 
Virchow-Robin’s  lymph  space, 

Visceral  layer  of  the  arachnoid, 

Visual  centres,  cortical,  . • 

Vliess  des  Kleinhirns,  capsula  corporis  dentati. 

der  unteren  olive,  stratum  zonale  olivae. 

Vorderhirn,  fore- brain. 
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Vorderhorn  des  Riickenmarks,  cornu  anterius. 

,,  ,,  Seitenventrikels,  anterior  liorn  of  lateral  ventricle. 

Vordersaule,  anterior  columns  of  grey  matter  of  spinal  cord. 

Vorderseitenstrangreste,  rest  of  or  continuation  upwards  of  the  anterior  and 
lateral  columns. 

Vorderstrang,  anterior  white  column. 

Vorderstranggrundbiindel,  ground-bundle  of  the  anterior  column. 

Vormauer,  claustrum. 

Vorzwickel,  prarcuneus. 

VoiUe  A trois piliers,  fornix.  See  Fornix. 

W 

Waldeyer’s  plasma  cells, 

Waller’s  degeneration, 

Weigert’s  gleia-staining, 

,,  hcematoxylin  staining,  . 

,,  microtome, 

Weight  of  brain,  .... 

,,  the  several  parts  of  the  brain,  . 

Weisser  Kern  der  Haube,  brachia  conjunctiva  i 
Wemekinck’s  commissure,  . 

Westphal’s  trochlear  nucleus, 

White  commissure, 

,,  matter  of  brain  and  cord, 

,,  sheath,  .... 

Wipfelblatt,  folium  cacuminis. 

Wolter’s  method  of  staining,  .....  .22 

Wulst  des  Balkens,  gyrus  corporis  callosi. 

Wurm,  vermis. 

Wurmpyramide,  pyramis  vermis. 

Wurzelzone,  root-zone. 
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Zapfchen,  uvula. 

Zarter  Strang,  funiculus  gracilis,  Goll’s  column. 

Zelt  oder  Kleinhirnzelt,  tentorium  cerebelli. 

Zirbel,  glandula  pinealis. 

Zirbelauge,  pineal  eye. 

Zirbeldriise,  pineal  gland. 

Zirbelstiel,  pedunculus  conarii. 

Zona  incerta,  .........  292 

Zonal  layer,  .......  221,  441,446,447 

Zone  radiculaire,  ....... 

Zttckerkandl,  callosal  convolutions  of, 

Ziingelchen,  lingula. 

Zungenfleischnerv,  hypoglossal  nerve. 

Zungenschlundkopfnerv,  glossopharyngeal  nerve. 

Zwickel,  cuneus,  Ic  coin. 

Zwickelstiel,  pedunculus  cunei. 

Zwinge,  gyrus  cinguli. 

Zwischenhirn,  ’tween-brain. 

Zwischenmarkscheide,  membrane  at  node  of  Ranvier  ( Obcrsteincr ) 
mann’s  segments  (Kuhnl). 

Zwischenschichte,  stratum  intermedium. 
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Crown  4to.  Handsome  Cloth,  Beautifully  Illustrated,  18s. 

With  Thirty -six  Coloured  Plates,  comprising  167  Figures. 


ATLAS 

OF 

URINARY  SEDIMENTS; 

With  Special  Reference  to  their 
Clinical  Significance. 

EDITED  AND  ANNOTATED  BY 

SHERIDAN  DELEPINE,  M.B.,  C.M.  (Edin.), 

Professor  of  Pathology  in  the  Oicens  College  and  Victoria  University , Manchester. 


TRANSLATED  BY 

FREDERICK  CRAVEN  MOORE,  M.Sc.,  M.B.  (Vict.). 


FROM  THE  GERMAN  OF  DR.  HERMANN  RIEDER, 

Of  the  University  of  Munich. 

“ This  Atlas  . . . may  be  pronounced  a success  in  every  way.  The  Plates  ...  are  MOST 
beautifully  executed  and  reproduced.  Professor  Deldpine's  additions  to  the  text  are  considerable 
and  valuable." — Lancet. 

“ Cannot  fail  to  be  of  GREAT  service.  The  figures  are  admirably  drawn.  The  work  gains  much 
in  value  from  ihe  Editorial  Notes  of  Prof.  Deldpine. ' — Edinburgh  Afrdical  Journal. 

“ As  an  Atlas  it  COULD  NOT  BE  excelled.” — Sheffield  Quarterly  Medical  Journal. 


IN  PREPARATION- 

T H IE 

Mierobic  Diseases  of  Animals: 

A Practical  Text-Book 

FOR  THE  USE  OF  VETERINARY  SURGEONS,  PATHOLOGISTS, 
STUDENTS,  AND  OTHERS. 


BY 


ED.  NOCARD,  and  E.  LECLAINOHE, 

Professor  at  the  Veterinary  School  Professor  at  the  Veterinary  School 

of  Alford.  of  Toulouse. 

Translated  from  the  French,  with  Annotations  and  Additions, 

BY 

JOHN  ROSE-BRADFORD,  D.Sc.,  M.D , F.R.C.P.,  F.R.S., 

Physician,  University  College  Hospital ; Professor-Superintendent  of  the  Brown 
Animal  Sanatory  Institution. 
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1ST  O W READ  Y. 

Second  Edition,  Thoroughly  Revised,  Enlarged,  and  in  part  Re-written. 

In  Large  8 vo,  Handsome  Cloth , With  i Yearly  300  ( some  Coloured)  Illustrations  and  a 

Coloured  Plate.  21s. 

CLINICAL  MEDICINE. 

A PRACTICAL  HANDBOOK  FOR  PRACTITIONERS 
AND  STUDENTS. 

With  new  Sections  on  Skin  Diseases,  Laryngoscopic  Examinations,  &c., 
Roentgen  Rays  in  Surgery. 

By  JUDSON  BURY,  M.D.,  F.R.C.P., 

Physician  1 1 the  Manchester  Royal  Infirmary. 

A ssisted  bu  Several  Contributors . 


GENERAL  CONTENTS. 

Introductory. — Symptoms  and  Physical  Signs — Importance  of  Inspection — Method  of 
Examining  a Patient— Case-taking.  Symptoms  for  the  most  part  Subjective  in  Character. 
— Disturbance  of  the  Functions  of  the  Nervous  System — Disturbance  of  the  Functions  of 
the  Respiratory  and  Circulatory  Organs — Disturbance  of  the  Functions  of  the  Digestive 
Organs— Disturbance  of  the  Urinary  Organs.  Examination  of  the  Surface  of  the  Body.— 
Changes  in  Size  and  Shape —Expression  of  Face— Attitude — Walking — Examination  of 
the  Deeper  Structures  by  means  of  the  Roentgen  Rays.  Temperature. — Temperature  in 
Health — in  Disease.  Examination  of  the  Skin  and  its  Appendages.  — Changes  in  Colour — 
Dryness  or  Moisture — Sensibility — Cutaneous  Eruptions : — I.  General  Diseases  with  Cutaneous 
Lesions — Eruptions  Produced  by  Drugs ; II.  Diseases  due  to  Parasites;  III.  Local  Diseases 
not  due  to  Parasites— Diseases  of  the  Hair  and  Hair  Follicles — Abnormal  Conditions  of  the 
Nails.  Examination  of  the  Respiratory  System. — Artificial  Divisions  of  the  Chest — In- 
spection— Palpation — Percussion  — Auscultation — The  Sputum  — The  Examination  of  the 
Larynx.  Examination  of  the  Circulatory  System.  — Anatomical  Relations  of  the  Heart- 
Inspection  and  Palpation  — Percussion  — Auscultation — The  Pulse.  Examination  of  the 
Blood.  Examination  of  the  Digestive  System  and  of  the  Abdominal  Organs.  -The 
Tongue— The  Teeth — The  Gums— The  Mucous  Membrane  of  the  Mouth — Saliva — The  Soft 
Palate,  Fauces  and  Pharynx— The  (Esophagus — The  Abdomen — The  Stomach — Examination 
of  Vomited  Matters  — Investigation  of  the  Contents  of  the  Stomach  and  of  its  Activity 
during  Digestion — The  Intestines — Examination  of  the  Fasces — The  Liver  and  Gall  Bladder — 
The  Spleen — The  Pancreas — The  Omentum — The  Mesentery  and  Retroperitoneal  Glands — 
The  Uterus  and  its  Appendages— The  Kidneys.  Examination  of  the  Urine. — Variations  in 
the  Quantity  of  the  Urine— In  the  Colour — Odour — Consistence — Translucency — Specific 
Gravity  and  Reaction— Chemical  Examination — Sediments  and  Microscopical  Examination: — 
(a)  Unorganised  Sediments ; (6)  Organic  Deposits.  Examination  of  Puncture  Fluids. — 
Exudations— Transudations  — Contents  of  Cysts.  Examination  of  the  Nervous  System.— 
Anatomical  and  Physiological  Introduction — Investigation  of  the  Symptoms  Produced  by 
Diseases  of  the  Nervous  System : — Disorders  of  Muscular  Action — Sensation — Reflex  Action — 
Language— Vision — Hearing — Taste — Smell— Index. 


We  may  say  at  once  that  Dr.  Judson  Bury  has  succixdbd  wilt.  His  book  is  planned  npon  rational  links, 
. . . intended  for  practical  sbrtick  . . . His  work  will  take  a prominent  place  amongst  books  of  its  class,  and  is 
one,  too,  to  which  the  clinical  student  can  trust,  as  being  reliable.  . . . The  illustrations  are  numerous  and  tell- 
ing.— The  Lancet. 

" This  Manual  is  sure  at  oncb  to  take  a foremost  place  as  a guide  in  clinical  work.  . . . 8ecks  to  utilise  at 
the  bedside  the  most  recent  researches  of  the  Physiologist,  the  Chemist,  and  the  Bacteriologist.  . . Belongs  to  the 
same  series  of  Manuals  which  has  given  us  the  issue  of  Laxdois’  'Physiology,'  wherein  Prof.  Stirling  sought  to 
bring  the  most  advanced  Physiology  into  relationship  with  clinical  work;  and  the  very  valuable  treatise  of 
V.  J aksch  on  * Clinical  Diagnosis.” — British  Medical  Journal. 

"Tills  is  the  latest  of  the  splendid  Series  of  Text-books  which  Messrs.  Charles  Griffin  & Company  have  been  the 
means  of  placing  In  the  hands  of  the  profession.  The  volume  will  maintain  the  reputation  of  its  predecessors, 
and  we  hrartilt  congratulate  Dr.  Judson  Bury  on  the  bxckllencb  of  his  book  and  the  sterling  contribution 
to  medical  literature  which,  In  its  publication,  he  has  made."— Dublin  Medical  Journal. 
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By  Prof,  von  JAKSCH. 


Cylindroids  from  the  urine  in 
congested  kidney. 


FOURTH  ENGLISH  EDITION. 

Thoroughly  Revised  throughout  by  the  Author , Prof. 
von  jAKScn,  who  has  made  numerous  Corrections  and 
Additions  specially  for  this  Edition. 

CLINICAL  DIAGNOSIS: 

THE 

Bacteriological,  Chemical,  and  Microscopical 
Evidence  of  Disease. 

By  Prof.  R.  v.  JAKSCH, 

Of  the  University  of  Prague. 

Translated  from  the  Fourth  German  Edition 
by 

JAMES  CAGNEY,  M.A.,  M.D., 

Phys.  to  the  Hosp.  for  Epilepsy  and  Paralysis,  Regent's  Park. 

With  Additional  Illustrations,  many  Coloured. 
In  large  8vo,  Handsome  Cloth.  24s. 


GENERAL  CONTENTS. 

The  Blood  — The  Buccal  Secretion  — The 
Nasal  Secretion — The  Sputum — The  Gastric 
Juice  and  Vomit — The  Faeces — Examination 
of  the  Urine  — Investigation  of  Exudations, 
Transudations,  and  Cystic  Fluids — The  Secre- 
tions of  the  Genital  Organs  — Methods  of 
Bacteriological  Research — Bibliography. 


OPINIONS  OF  THE  PRESS. 

“A  striking  example  of  the  application  of  the  Methods  of  Science  to  Medicine.  . . 
Stands  almost  alone  amongst  books  of  this  class  in  the  width  of  its  range,  the  thorough- 
ness of  its  exposition,  and  the  clearness  of  its  style.  Its  value  has  been  recognised  in  many 
countries.  . . . The  translator  has  done  his  share  of  the  work  in  an  admirable  manner.  ...  A 
standard  work  ...  as  trustworthy  as  it  is  scientific.  . . . The  numerous  and  artistic 
illustrations  form  a great  feature  of  the  work,  and  have  been  admirably  reproduced."— Lancet. 

“Supplies  a real  want.  . . . Rich  in  information,  accurate  in  detail,  lucid  in  style.” — 
Brit.  Med.  Journal. 

“Possesses  a high  value.  . . . There  is  a most  admirable  bibliography.” — Edinburgh 
Med.  Review. 

“A  new  and  valuable  work  . . . worthy  of  a FIRST  PLACE  AS  A text-book.  ...  Of  great 
value  both  to  medical  practitioners  and  medical  students.”— Journal  of  American  Med. 
Association,  Chicago. 


LONDON:  EXETER  STREET,  STRAND. 


MEDICAL  SERIES. 


9 


In  Large  8 vo,  Handsome  Cloth.  16s. 

THE  DISEASES  OF  CHILDHOOD 

(MEDICAL). 

BY 

H.  BRYAN  DONKIN,  M.A.,  M.D.,  F.R.C.P., 

PHYSICIAN  TO  THK  WESTMINSTER  HOSPITAL  AND  THE  BAST  LONDON  HOSPITAL  POR  CHILDREN; 

JOINT  LECTURER  ON  MEDICINE  AND  CLINICAL  MEDICINE  AT  TUB 
WESTMINSTER  HOSPITAL  MEDICAL  SCHOOL. 


OPINIONS  OF  THE  PRESS. 

The.  Lancet.  — “ Dr.  Donkin’s  book  is  in  every  sense  of  the  word  a piece  of  Original 
Work,  remarkably  well  written,  and  founded  on  his  own  large  experience.” 

British  Medical  Journal. — “Dr.  Donkin’s  work  possesses  characters  which  will 
earn  for  it  a distinct  place  in  the  estimation  of  the  profession.  , . . May  be  con- 

fidently recommended  to  the  study  of  every  practitioner  who  takes  an  interest  in  the 
subjects  with  which  it  deals.” 

Practitioner. — “ Unquestionably  a very  valuable  contribution  to  the  list  of  works 
on  the  diseases  of  childhood.” 

Edinburgh  Medical  Journal. — “A  thoughtful,  accurate,  and  compendious  treatise, 
written  in  a charming  style,  and  with  much  vigour.” 

Medical  Magazine. — A truly  practical  work,  the  record  of  the  personal  experience 
and  observation  of  an  independent  mind.” 


In  Handsome  Cloth.  Price  One  Guinea,  net. 

By  Sir  ANDREW  CLARK,  Bart,  M.D.,  LLP.,  F.R.S. 


With  Tables  and  Eight  Plates  in  Colours. 

FIBROID  DISEASES  OF  THE  LUNG,  INCLUDING 
FIBROID  PHTHISIS. 

BY 

Sir  ANDREW  CLARK,  Bart.,  M.D.,  LL.D.,  F.R.S., 

Late  Consulting  Physician  and  Lecturer  on  Clinical  Medicine  to  the  London  Hospital , 


AND 


W.  J.  HADLEY,  M.D.,  and  ARNOLD  CHAPLIN,  M.D., 

Assistant  Physicians  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest . 

"It  was  clue  to  Sir  Andrew  Clark  that  a permanent  record  of  his  most  important  pikcr  op  pathological 
and  clinical  work  should  be  published  . . . the  subject  had  been  in  his  mind  for  many  years,  and  the  present 
volume,  completely  written  and  twice  revised  before  his  lamented  death,  embodies  his  latest  views  upon  it.  . . . 
A volume  which  will  be  highly  valued  by  every  clinical  physician.  —British  Medical  Journal. 
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By  SIR  DYCE  DUCKWORTH,  M.D.,  F.R.C.P. 


Fig.  1.— Human  Articular  Cartilage 
from  head  of  a metatarsal  bone  (Nor- 
mal). 


A TREATISE  ON 

GOUT. 

BY 

SIR  DYCE  DUCKWORTH, 

M.D.  Edln.,  IjL.D.,  Hon.  Physician  to  H.R.H.  the  Prince 
of  Wales,  Physician  to,  and  Lecturer  on  Clinical 
Medicine  in,  St.  Bartholomew's  Hospital. 

In  Large  8uo.  With  Chromo-Lithograph, 
Folding  Plate,  and  Illustrations  in  the 
Text.  Handsome  Cloth,  25s. 


*#*  This  work  is  the  result  of  the 
special  opportunities  which  London 
1 ’ractice  affords  as,  probably,  the  largest 
field  of  observation  for  the  study  of 
Gout.  It  is  based  on  the  experience 
derived  from  botli  Hospital  and  Private 
Practice,  each  of  which  furnishes  dis- 
tinctive phases  of  the  disease. 


OPINIONS  OF  THE  PRESS. 

“All  the  known  facts  of  Gout  are  carefully  passed  in  review.  . . . We  have 

chapters  upon  the  clinical  varieties  of  Gout,  and  the  affections  of  special  organs  and 
textures.  ...  A very  valuable  storehouse  of  material  on  the  nature,  varieties, 
and  treatment  of  Gout.” — Lancet. 

“ Impartial  in  its  discussion  of  theories,  full  and  accurate  in  its  description  of  clinical 
facts,  and  a trustworthy  guide  to  treatment.  ” — British  Medical  Journal. 

“ Thoroughly  practical  and  highly  philosophical.  The  practitioner  will  find  in  its 
pages  an  enormous  amount  of  information.  ...  A monument  of  clinical  obser- 
vation, of  extensive  reading,  and  of  close  and  careful  reasoning.” — Practitioner. 

“ A very  well  written,  clear,  and  thoroughly  satisfactory  epitome  of  our  present 
knowledge  upon  the  subject  of  Gout.” — Philadelphia  Therapeutic  Gazette. 


LONDON:  EXETER  STREET,  STRAND. 


MEDICAL  SERIES. 


11 


By  A.  E.  GARROD,  M.D.,  F.R.C.P. 

A TREATISE  ON 

Rheumatism 

AND 

Rheumatoid  Arthritis. 

BY 

ARCHIBALD  E.  GARROD, 

M.A.,  M.D.  Oxon.,  F.R.C.P..  Assistant-Physician  to 
the  West  London  Hospital,  Ac. 

In  Large  8uo,  with  Charts  and  Illustra- 
tions. Handsome  Cloth,  21s. 


##*  The  author’s  aim  is  to  give 
a consistent  picture  of  Rheumatism 
as  a systemic  disease  presenting  one 
definite  set  of  phenomena,  the  re- 
sult, it  is  believed,  of  one  single 
and  specific  morbid  process. 


Fig.  1. — Gangliform  Swelling  on  the  Dorsum 
of  the  Hand  of  a Child  aged  Eight. 


OPINIONS  OF  THE  PRESS. 

“ The  wide  subject  of  the  etiology  of  rheumatism  is  carefully  treated.  . . . The 

discussion  of  etiology  is  completed  by  a full  analysis  of  the  conditions  which  determine 
individual  attacks.  . . . Dr.  Garrod  is  to  be  congratulated  on  having  put  before  the 

profession  so  clear  and  coherent  an  account  of  the  rheumatic  diseases.  The  style  of  his 
work  is  eminently  readable.” — Lancet. 

“ Well  written  and  reliable.  . . . We  have  little  doubt  that  this  monograph  will  take 
rank  with  the  best  treatises  on  special  medical  subjects  in  the  English  language.” — Lublin 
Medical  Journal. 

“ An  excellent  account  of  the  clinical  features  of  the  diseases  in  question.  The  chapters 
on  treatment  are  thoroughly  practical.” — Manchester  Medical  Chronicle. 
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In  Large  8 vo,  with  Illustrations  in  the  Text  and  18  Folding -Plates,  28s. 


THE  DIAGNOSIS  OF 

DISEASES  OF  THE  HEART 
AND  THORACIC  AORTA. 


BY 


A.  ERNEST  SANSOM,  M.D.,  F.R.C.P., 

Physician  to  the  London  Hospital ; Consulting  Physician,  North-Eastern  Hospital  for  Children ; 
Examiner  in  Medicine,  Royal  College  of  Physicians  (Conjoint  Board  for  England),  and 
University  of  Durham ; Lecturer  on  Medical  Jurisprudence  and  Public  Health, 

London  Hospital  Medical  College,  tic. 


(From  Chap.  ix. — “ The  Observed  Signs  of 
Neuro-Cardiac  Disease.”) 

Fig.  6. — Case  of  Graves’  disease  with  well- 
marked  retraction  of  upper  eyelid  (S  tell  way's 
sign).  There  was  very  little  projection  of  the 
eyeball,  though  prominence  appeared  to  be 
extreme.  Patient  aged  twenty-four.  ( From 
a photograph.) 


“Dr.  Sansom  has  opened  to  us  a treasure-house  of  knowledge:.  . . . The  originality  of  the  work 
iB  shown  on  every  page,  an  originality  so  complete  as  to  mark  it  out  from  every  other  on  tho  subject  with 
which  we  are  acquainted.” — Practitioner. 

“ A book  which  does  credit  to  British  Scientific  Medicine.  We  warmly  commend  it  to  all  engaged  in 
clinical  work.”— The  Lancet. 
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By  PROFESSOR  T.  M'CALL  ANDERSON,  M.D. 

SECOND  EDITION.  With  Four  Chromo-Lithographs,  Steel  Plate, 
and  numerous  Woodcuts.  25s. 

A TREATISE  ON 

DISEASES  OF  THE  SKIN, 

With  Special  Reference  to  Diagnosis  and  Treatment,  Including 
an  Analysis  of  12,000  Consecutive  Cases. 

By  T.  M'CALL  ANDERSON,  M.D., 

Professor  of  Clinical  Medicine,  Uniter  tit  y of  Glasgow. 


Professor  M'Call  Anderson’s  Treatise,  affording,  as  it  does,  a 
complete  resume  of  the  best  modern  practice,  is  written — not  from  the 
standpoint  of  the  University  Professor — but  from  that  of  one  who, 
during  upwards  of  a quarter  of  a century,  has  been  actively  engaged 
both  in  private  and  in  hospital  practice,  with  unusual  opportunities 
for  studying  this  class  of  disease,  hence  the  practical  and  clinical 
directions  given  are  of  great  value. 

Speaking  of  the  practical  aspects  of  Dr.  Anderson’s  work,  the 
British  Medical  Journal  says: — “Skin  diseases  are,  as  is  well  known, 
obstinate  and  troublesome,  and  the  knowledge  that  there  are  addi- 
tional resources  besides  those  in  ordinary  use  will  give  confidence 
to  many  a puzzled  medical  man,  and  enable  him  to  encourage  a 
doubting  patient.  Almost  any  page  might  be  used  to  illustrate 
THE  FULNESS  OF  THE  WORK  IN  THIS  RESPECT.  . . . The  chapter 

on  Eczema,  that  universal  and  most  troublesome  ailment,  describes 
in  a comprehensive  spirit,  and  with  the  greatest  accuracy  of  detail, 
the  various  methods  of  treatment.  Dr.  Anderson  writes  with  the 
authority  of  a man  who  has  tried  the  remedies  which  he  discusses, 
and  the  information  and  advice  which  he  gives  cannot  fail  to  prove 
extremely  valuable.” 


OPINIONS  OF  THE  PRESS. 

“ Professor  H'Call  Anderson  has  produced  a work  likely  to  prove  very  acceptable  to  the 
busy  practitioner.  The  sections  on  treatment  are  very  full.  For  example,  Eczema  has  110  pages 
given  to  it,  and  73  of  these  pages  are  devoted  to  treatment." — Lancet. 

“ Beyond  doubt,  the  most  important  work  on  Skin  Diseases  that  has  appeared  in  England 
for  many  years.  . . . Conspicuous  for  the  amount  and  excellence  of  the  clinical  and 

PRACTICAL  information  which  it  contains." — British  Medical  Journal. 

“ The  work  may  be  regarded  as  a storehouse  of  facts  gathered  and  sifted  by  one  whose 
opinion  is  entitled  to  the  highest  respect,  and  we  have  no  hesitation  in  stating  our  belief  that 
it  has  NO  equal  in  this  country  ."—Edinburgh  Medical  Journal. 

“ Essentially  a useful  book,  clear  and  graphic  in  description,  dogmatic  and  hopeful  on 
questions  of  treatment.” — Birmingham  Medical  Review. 
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By  Drs  MEYER  and  FERGUS. 

Now  Ready,  with  Three  Coloured  Plates  and  numerous  Illustrations. 
Royal  8 vo,  Handsome  Cloth,  25s. 


A PRACTICAL  TREATISE  ON 


DISEASES  OF  THE  EYE. 

By  EDOUARD  MEYER, 

Prof,  d I'Ecole  Pratique  de  la  Faculty  de  Mddecine  de  Paris, 

Chev.  of  the  Leg.  of  Honour,  dec. 


Translated  from  the  Third  French  Edition,  with  Additions  a9 
contained  in  the  Fourth  German  Edition, 

By  F.  FERGUS,  M.B.,  Ophthalmic  Surgeon,  Glasgow  Infirmary. 


The  particular  features  that  will  most  commend  Dr  Meyer’s  work 
to  English  readers  are — its  conciseness,  its  helpfulness  in  explanation, 
and  the  practicality  of  its  directions.  The  best  proof  of  its  worth 
may,  perhaps,  be  seen  in  the  fact  that  it  has  now  gone  through  three 
French  and  four  German  editions,  and  has  been  translated  into  most 
European  languages — Italian,  Spanish,  Russian,  and  Polish — and  even 
into  Japanese. 


Opinions  of  the  Press. 

"A  good  translation  op  A Goon  book.  ...  A sound  guide  Id  the  diagnosis  and  treatment  of 
the  various  diseases  of  the  eye  that  are  likely  to  faU  under  the  notice  of  the  general  Practitioner.  The 
Paper,  Type,  and  Chromo-Lithographs  are  all  that  could  be  desired.  . . . We  know  of  no  work  in  which 
the  diseases  and  deformities  of  the  LIDS  are  more  fully  treated.  Numerous  figures  illustrate  almost 
every  defect  remediable  by  operation.” — Practitioner. 

“ A very  trustworthy  guide  in  all  respects.  . . . THOROUGHLY  PRACTICAL.  Excellently  translated, 
and  very  well  got  up.  Type,  Woodcuts,  and  Chromo-Lithographs  are  alike  excellent."— Lancet. 

“Any  Student  will  find  this  work  of  GREAT  VALUE.  . . . The  chapter  on  Cataract  is  excellent.  . . . 
The  Illustrations  describing  the  various  plastic  operations  are  specially  helpful." — Brit.  Med.  Journal. 

“An  EXCELLENT  TRANSLATION  of  a standard  French  Text-Book.  . . . We  can  cordially  recommend 
Dr  Meyer's  work.  It  is  essentially  a PRACTICAL  WORK.  The  Publishers  have  done  their  part  in  the 
TASTEFUL  and  SUBSTANTIAL  MANNER  CHARACTERISTIC  OF  THEIR  MEDICAL  PUBLICATIONS.  The  Type  and 
the  IUustrations  are  in  marked  contrast  to  most  medical  works.”— Ophthalmic  Review. 
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In  Large  8m,  with  Numerous  Illustrations,  Handsome  Cloth,  10s.  6cf. 

THE  STRUCTURE  AND  FUNCTIONS  OF 

THE  BRAIN  AND  SPINAL  CORD. 


BY 

VICTOR  HORSLEY,  B.S.,  F.R.C.S.,  F.R.S., 

Professor  of  Pathology,  University  College ; Assistant-Surgeon,  University  College  Hospital,  Ac. 


“The  portion  treating  of  the  development  of  the  Nervous  System  from  the  simplest  animals 
up  to  man,  everywhere  replete  with  interest.  ...  In  the  last  four  Lectures  we  have  most 
clearly  stated  the  results  of  modern  work.  . . . W ell  worth  the  study  of  all  who  wish  to 

apply  the  lessons  of  recent  physiological  research." — Edinburgh  Medical  Journal. 

“ We  heartily  commend  the  book  to  all  readers  and  to  all  classes  of  students  alike, 
as  being  almost  the  only  lucid  account  extant,  embodying  the  latest  researches  and  their 
conclusions.” — British  Medical  Journal. 


IN  PREPARATION— BY  THE  SAME  AUTHOR. 

SURGERY  OF  THE  BRAIN. 

By  VICTOR  HORSLEY,  F.R.S.,  &c., 

Assistant  Surgeon,  University  College  Hospital;  Professor  of  Pathology,  University  College,  <fcc.,  Ac. 
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Prof,  of  Anatomy  and  Surgery,  Trinity  College,  Dublin; 

AND 

J.  G.  M'KENDRICIv,  M.D.,  F.R.S., 

Prof,  of  the  Institutes  of  Medicine  in  the  University  of  Glasgow. 

Published  Quarterly,  Price  6s.  Annual  Subscription,  20a.;  Post  Free,  21a. 
Subscriptions  payable  in  advance. 

***  Messrs.  Griffin  will  be  glad  to  receive  at  their  office  Names  of  Subscribers  to 
the  J ournal. 


LONDON  : EXETER  STREET,  STRAND. 


16 


CHARLES  GRIFFIN  dk  COMPANY'S 


By  W.  BEVAN  LEWIS. 


A TEXT-BOOK  OF 

MENTAL  DISEASES: 

Having  Special  Reference  to  the  Pathological 
Aspects  of  Insanity. 

BY 

W.  BEVAN  LEWIS,  L.R.C.P.  Lond.,  M.R.O.S.  Eng., 

Medical  Director  of  the  West  Riding  Asylum,  Wakefield. 

SECOND  EDITION.  Thoroughly  Revised  throughout  and  Enlarged.  In  Large  8uo, 
with  Lithographic  Plates  and  Illustrations  in  the  Text.  Handsome  Cloth.  30s. 


OPINIONS  OF  THE  PRESS. 

“Will  take  the  highest  bank  as  a Text-Book  of  Mental  Diseases.” — British  Medical 
Journal. 

“ Without  doubt  the  best  book  in  English  of  its  kind.  . . . The  chapter  on  Epileptic 
Insanity  and  that  on  the  Pathology  of  Insanity  are  perfect,  and  show  a power  of  work  and 
originality  of  thought  which  are  admirable.” — Journal  of  Mental  Science. 

“ The  work,  all  through,  is  the  outcome  of  original  observation  and  research.” — Mind. 

“ A SPLENDID  addition  to  the  literature  of  mental  diseases.  . . . The  anatomical  and 
histological  section  is  admirably  done.  . . . The  clinical  section  is  concise  and  tersely 

written.  It  is,  however,  to  the  pathological  section  that  the  work  owes  its  chief  merit.  As  a 
standard  work  on  the  pathology  of  mental  diseases  this  work  should  occupy  a prominent 
place  in  the  library  of  every  alienist  physician.” — Dublin  Medical  Journal. 

“ Affords  a fulness  of  information  which  it  would  be  difficult  to  find  in  any  other  treatise 
in  the  English  language.” — Edin.  Medical  Journal. 

“We  record  our  conviction  that  the  book  is  the  best  and  most  complete  treatise  upon  the 
pathological  aspect  of  the  subject  with  which  we  are  familiar.  . . . An  absolutely 

indispensable  addition  to  every  alienist’s  and  neurologist’s  library.” — The  Alienist  and 
Neurologist. 

“ It  would  be  quite  impossible  to  say  too  much  in  praise  of  the  illustrations.” — American 
Journal  of  Insanity. 

“ The  Section  on  Pathological  Anatomy  is  unrivalled  in  English  literature.”—  Bulletin 
de  la  Soc.  Mid.  Mentale  de  Belgique. 
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Large  8uo,  Handsome  Cloth,  16s. 

LUNATIC  ASYLUMS: 

THEIR  ORGANISATION  AND  MANAGEMENT. 

By  CHARLES  MERCIER,  M.B., 

Late  Senior  Assistant-  Medical  Officer  at  Lea  res  den  Asylum,  and  at  the  City  of  London  Asylum. 


“ Will  give  a much-needed  impetus  to  the  study  of  Asylum  Patients.''— Glasgow  Medical  Journal. 


PART  L HOUSING. — General  Principles:  Sanitary  Conditions— Supervision — 
Treatment  and  Grouping— Precautions—  Size ; Cost;  Equipment;  Accessibility.  General 
Arrangements:  General  Construction  ; Walls;  Floors ; Windows  ; Blinds;  Locks — Heating; 
Open  Fires;  Hot  Coils  in  the  Wards;  Hot  Coils  outside  the  Ward  ; The  Fire-places;  Fire- 
guards— Lighting;  Gas  Meters— Water ; The  Softening  of  Water;  Water  Meters.  Wards  and 
Ward  Offices  : (a)  The  Day  Rooms — Furniture ; Floor  Covering;  Curtains;  Tables;  Seats; 
Screens;  Bookcase;  Newspaper  Stand;  Letter-Box;  Piano;  Decorations;  Flowers  and  Plants; 
Medicine  and  other  Cupboards— 1 6)  Dormitorie-  — Beds : Woven  Wire  Mattresses:  Bed  Feet  ; 
Special  Forms  of  Bedstead;  Mattresses;  Pillows;  Blankets;  Quilts;  Chamber  Utensils; 
Mirrors;  Brushes  and  Combs;  Lockers;  Screens — Supervision  Dormitories— Single  Rooms; 
Shutters;  Ventilation  and  Lighting —Padded  Rooms  — Bath  Rooms  and  Baths— Urinals — 
Water-Closets;  Position;  floor  and  Walls;  Forms;  Water  Waste  Preventers  — Lavatories; 
Basins;  Towels — Sculleries — Slop  and  Brush  Closets — Boot  Rooms — Soiled  Linen  Closets — 
Coal  Stores— Ward  Stores.  The  Dining  and  Recreation  Halls.  Chapel.  &c:  Recreation  Hall; 
Heating;  Ventilation — The  Chapel — Receiving  Room —Visiting  Room.  Communication: 
Passages ; Staircases.  Administrative  Portion  : The  Kitchen— Scullery — Laundry — Wash 
House;  Drying  Room;  Ironing  Room;  Foul  Laundry;  Boiler  House — Stores — Workshops — 
Offices;  Superintendent’s ; Assistant  Medical  Officer’s ; Other  Officers’;  Library;  Dispensary; 
Mortuary ; Photographic  Studio.  Accommodation  for  the  Staff:  For  the  Medical  Superin- 
tendent— For  Attendants — For  Assistant  Medical  < Hficers.  Airing  Courts  : Plants — Seats,  &c. 

PART  II.  POOD  AND  CLOTHING. — Food:  Character  of  Food — Beverages — 
Dietaries.  Testing  : Meat;  Salt  Meat;  Flour;  Bread;  Butter;  Milk;  Cheese;  Sugar;  Tea; 
Coffee;  Cocoa;  Vinegar;  Pepper;  Mustard;  Salt;  Beer;  Tinned  Provisions;  Rice;  Peas  and 
Beans;  Potatoes.  Storing  and  Keeping:  Meat;  Tea;  Coffee;  Cocoa;  Mustard;  Pepper; 
and  Spices;  Tinned  Goods;  Milk;  Butter;  Cheese;  Potatoes.  Serving:  Mode  of — Table 
Furniture — Extra  Diets.  Clothing:  Women’s  Clothing ; Men’s  Clothing. 

PART  III.  OCCUPATION  AND  AMUSEMENT.— Occupation:  Induce- 
ment to  Work — Difficulty  from  want  of  Intelligence — Dangers — From  Use  of  Tools  ; From 
Relaxation  of  Supervision;  To  Security;  To  Health ; From  Mingling  of  the  Sexes.  Amuse- 
ments : in  the  Wards — in  the  Airing  Courts;  Quoits;  Bowls;  Lawn-Tennis;  Skittles;  Bad- 
minton; Rackets;  Fives;  Croquet;  Golf;  Cricket;  Football;  Grounds  ; Other  Open- Air  Amuse- 
ments ; Races,  &c. — Recreations  in  the  Recreation  Hall ; Dances ; Theatricals ; Concerts. 

PART  IV.  DETENTION  AND  CARE. — Detention:  Meaning  of  Term ; 
Limitation  of  Restraint.  Care  : Suicide  ; Suicidal  Tendency  in  the  First  1 >egree — Suicides  in 
the  Second  Degree — Suicides  in  the  Third  Degree — Treatment  of  the  First  Degree — Treatment 
of  the  Third  Degree — Supervision — Precautions  ; Razors  ; Knives  and  Scissors  ; Broken  Glass 
and  Crockery ; Home-Made  Knives ; Points  of  Suspension ; Means  of  Suspension ; Fire ; Water. 
Violence  : Provocations  and  Inducements — Aggressive  Restraint — Closeness  of  Aggregation — 
Insane  Peculiarities — Treatment  of  Violent  Patients — Dispersion — Removal  of  Causes — Change 
of  Surroundings — Forewarnings  of  Violence— Mode  of  Assault — Assaults  with  Weapons — 
Precautions  as  to  Weapons — Management  of  Patients  when  Violent— Pretended  Violence. 
Accident : Causes  of  Accidents — Falls — Epileptic  Fits — Warnings  of  Fits— Amplitude  of 
Warning — Direction  of  Fall— Labour  of  Epileptics — Various  Precautions  for  Epileptics — Falls 
from  Defective  Footgear — from  Feebleness— from  Jostling — from  Obstacles — from  Defects  in 
Flooring — Suffocation  ; Impaction  of  Food  in  the  Throat— Precautions — Inhalation  of  Food 
into  the  Windpipe — Epileptics  at  Night — Scalding — Fire — Precautions  in  Construction — Pre- 
cautions in  Management — Provisions  for  the  Safety  of  Patients— Locks  of  Single  Rooms— 
Removal  of  Patients  should  be  Practised — Fire-Extinguishing  Apparatus.  Cleanliness  : 
Bathing — Dirty  Habits — Causes;  Treatment;  Neatness  of  Apparel. 

PART  V.  THE  STAFF. — Responsibility — Treatment  according  to  Deserts ; Awards 
to  Merit;  Awards  to  Faulty  Conduct ; Amount  of  Punishment;  Punishment  should  be  Prompt; 
Punishment  should  fit  the  Crime ; Who  should  Punish ; Reward  and  Punishment  both  necessary 
— Supervision  ; Inspection  ; Surprise  Visits— Reports.  The  Chaplain:  The  Library— Re- 
pairing Books — Torn  Pages  : Loose  Pages  ; Back  half  off  ; Back  wholly  gone  ; Covers  Torn  ; 
Re-sewing — Other  Duties.  The  Superintendent : Supremacy — Character — Duties— Medical 
Duties.  Statutory  Duties  : Duties  attending  the  Reception  of  Patients — Original  Reception 
— Private  Patient — Reception  on  Judicial  Order  on  Petition  ; The  Order  ; The  Certificates. 
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By  Drs.  OBERSTEINER  and  HILL. 

THE 


CENTRAL  NERVOUS  ORGANS: 


A GUIDE  TO  THE  STUDY  OF  THEIR  STRUCTURE  IN 
HEALTH  AND  DISEASE. 

By  PROFESSOR  H.  OBERSTEINER, 

University  of  Vienna. 

TRANSLATED,  WITH  ANNOTATIONS  AND  ADDITIONS, 

By  ALEX  HILL,  M.A.,  M.D., 

Vice-Chancellor  of  the  University  of  Cambridge;  Master  of  Downing  College. 


SECOND  EDITION,  REVISED  AND  RE-WRITTEN. 

With  all  the  Original  Illustrations. 

“ Dr.  Hill  has  enriched  the  work  with  many  notes  of  his  own.  . . . Dr.  Hill’s  transla- 
tion is  most  accurate,  the  English  is  excellent,  and  the  book  is  very  readable.  . . . Dr. 

Obersteiner’s  work  is  admirable.  He  lias  a marvellous  power  of  marshalling  together  a large 
number  of  facts,  all  bearing  on  an  extremely  intricate  subject,  into  a harmonious,  clear, 
consecutive  whole.  . . . Invaluable  as  a text-book.” — British  Medical  Journal. 

“ The  fullest  and  most  accuhate  exposition  now  attainable  of  the  results  of  anatomical 
inquiry.  The  Translation  is  done  by  one  who  is  himself  a Master  of  Anatomy,  able  not  only 
to  follow  his  author,  but  also  to  supplement  him  with  the  results  of  independent  research. 
Dr.  Hill’s  additions  add  materially  to  the  value  of  the  original.  The  work  is  specially  com- 
mended to  all  students  of  mental  science.  . . . The  illustrative  figures  are  of  particular 

excellence  and  admirably  instructive.” — Mind. 

| Ready  immediately. 


By  Prof.  A.  C.  HADDON. 

AN  INTRODUCTION  TO 

THE  STUDY  OF  EMBRYOLOGY. 

By  ALFRED  C.  HADDON,  M.A.,  M.R.I.A., 

Professor  of  Zoology,  lloyal  College  of  Science,  Dublin. 

In  Large  8uo,  with  190  Illustrations.  Handsome  Cloth,  18s. 


OPINIONS  OF  THE  PRESS. 

“ Well  and  clearly  written.  . . . Many  important  discoveries  or  theories  are 

described,  which  are  necessarily  absent  from  Balfour’s  work.” — Nature. 

“Dr.  Haddon  has  written  the  best  of  the  three  modern  English  works  on  the  subject.” — 
Dublin  Medical  Journal. 


ESSAYS  IN  HEART  AND  LUNG  DISEASES. 

By  ARTHUR  FOXWELL,  M.A.,  M.D.Cantab,,  F.R.O.P.Lond., 

Physician  to  the  Queen's  Hospital,  Birmingham. 

General  Contents. — On  Dyspncea — Expectoration  in  Phthisis — On  Catarrh  (A. 
Acute  Pneumonia  in  Children  ; B.  Acute  Laryngitis  in  Children  ; C.  Acute  Primary  Peri- 
tonitis ; D.  Catarrh  us)— On  Climate  (A.  the  Davos  and  Engadine  Valleys;  B.  Arosa,  a 
Hamlet  in  the  Orisons  ; C.  The  Climatic  Treatment  of  Tubercular  Phthisis)— Non- Iuber- 
cular  Pulmonary  Cavities— The  Curability  and  Prognosis  of  Phthisis— Ihe 
Vascular  System  in  Anasmic  Debility— Arterial  High  Tension— Congestion  of  the 
Lungs— On  Haemoptysis — The  Antiseptic  Treatment  of  Tubercular  Phthisis. 

With  Diagrams,  Demy  8vo,  472  pp.  12s.  Cd. 

“These  ADMIRABLE  Essays." — Brit.  Med.  Joum.  
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Second  Edition.  In  Large  8vo,  Handsome  Cloth.  21s. 

FORENSIC  MEDICINE 

AND 

TOXICOLOGY. 

jfor  tbc  Use  of  practitioners  anb  Students. 

BY 

J.  DIXON  MANN,  M.D.,  F.R.C.P., 

ProfOBBor  of  Medical  Jurisprudence  and  Toxicology  in  Owens  College,  Manchester;  Examiner  in 
Forensic  Medicine  in  the  University  of  London,  and  in  the  Victoria  University; 

Physician  to  the  Sal  ford  Royal  Hospital. 

Second  Edition,  thoroughly  Revised  throughout  and  Enlarged. 

Part  I. — Forensic  Medicine.  Part  II. — Insanity  in  its  Medico-legal 
Bearings.  Part  III. — Toxicology. 

Dublin  Medical  Journal.—'1  By  far  the  most  reliable,  most  scientific,  and  most  modern  book  on  Medical 
Jurisprudence  with  which  wo  are  acquainted.” 

The  Lam  Journal.— “This  now  work  will  be  of  value  to  all  those  who  as  medical  men  or  lawyers  are 
eugiged  in  cases  where  the  testimony  ot  medical  experts  forms  a part  of  the  evidence.  ...  A most 
useful  work  of  reference." 

Medical  Press.—"  This  excellent  text-book  cannot  fail  to  be  a success;  it  gives  all  a student  requires 
for  examination,  and  all  that  is  necessary  for  the  practitioner." 


In  Large  Svo,  Handsome  Cloth.  25s. 

A TREATISE  ON  RUPTURES. 

BY 

JONATHAN  F.  C.  H.  MACREADY,  F.R.C.S., 

Surgeon  to  the  Great  Northern  Central  Hospital;  to  the  City  of  London  Hospital  for  Diseases  of  the 
Chest,  Victoria  Park;  to  the  Cheyne  Hospital  for  Sick  and  Incurable  Children; 
and  to  the  City  of  London  Truss  Society. 


With  Twenty-four  Lithographed  Plates  and  Illustrations  in  the  Text. 


Lancet.—"  A mine  of  wealth  to  those  who  will  study  it— a great  storehouse  of  facts." 

Edinburgh  Medical  Journal. — “Certainly  by  far  the  most  complete  and  authoritative  work  on  the 
subject  with  which  we  are  acquainted.  The  text  is  clear  and  concise,  the  numerous  illustrations  are 
EEi'itoDUCTioNS  from  photographs  from  nature;  the  author  s statements  are  founded  on  an  unique  experi- 
ence, which  is  freely  drawn  upon." 

Dublin  Journal  of  Medical  Science.—"  This  really  is  a complete  monograph  on  the  subject." 
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CHARLES  GRIFFIN  & COMPANY’S 


Griffin’s  Poeket-Book  Series. 

By  R.  S.  AITCHISON. 

THIRD  EDITION,  REVISED,  ENLARGED,  AND  BROUGHT  THOROUGHLY  UP-TO-DATE. 
Pocket-Size,  Elegantly  bound  in  Leather,  Rounded  edges,  8s.  6d 

A MEDICAL  HANDBOOK 

JFor  tbe  use  of  practitioners  anfc  Students. 

BY 

R.  S.  AITCHISON,  M.B.  (Edin.),  F.R.C.P.E., 

Physician,  Now  lown  Dispensary,  Edinburgh;  Visiting  Physician,  St.  Cuthbert’s  Hospital, 

Edinburgh,  &c.,  Ac. 

WITH  NUMEROUS  ILLUSTRATIONS. 


General  Contents.  Introduction — Diaguosis,  Case-Taking,  &c. — Diseases  of  the 
Circulatory  System—*Diseases  of  the  Respiratory  System — The  Urine  — Diseases  of  the 
Urinary  System  Diseases  of  the  Digestive  System — Diseases  of  the  Nervous  System — 
Diseases  of  the  Hjemopoietic  System— Constitutional  and  General  Diseases— Fevers  and 
Miasmatic  Diseases -General  Data,  Rules,  and  Tables  useful  for  Reference  — Post- 
mortem Examination — Rules  for  Prescribing — Prescriptions. 


..  u V1  wor,k  as  ^ Is,  real,y  necessary  for  the  busy  practitioner.  The  field  of  medicine  is  so  wide  that  even 
the  best  informed  may  at  the  moment  miss  the  salient  points  in  diagnosis  . . . lie  needs  to  refresh  and  revise 
his  knowledge,  and  to  focus  his  mind  on  those  things  which  are  essential.  We  can  sp^ak  hioiilt  of  Dr.  Aitchison  s 
Handbook.  . . Honestly  Executed.  No  mere  compilation,  the  scientific  spirit  and  standard  maintained 
throughout  ^nit it  on  a higher  plane.  . . . Excellently  got  up,  handy  and  portable,  and  well  adapted  for  heady 
reference.  — The  Lancet. 

*'  A,8  a means  of  ready  reference,  most  complete.  The  busy  practitioner  will  often  turn  to  its  pages.”— Joum. 
of  the  American  Med.  Association. 


By  MM.  CAIRD  and  CATHCART. 

NINTH  EDITION.  Pocket-Size,  Elegantly  bound  In  Leather. 

With  Numerous  Illustrations.  8s.  6d. 

A SURGICAL  HANDBOOK, 

For  Practitioners,  Students,  House-Surgeons,  and  Dressers. 

BY 

F.  M.  CAIRD,  M.B.,  F.R.C.S.,  & C.  W.  CATHCART,  M.B.,  F.R.C.S., 

Assistant-Surgeons,  Royal  Infirmary,  Edinburgh. 


General  Contents.  — Case-Taking  — Treatment  of  Patients  before  and  after 
Operation  — Anaesthetics:  General  and  Local  — Antiseptics  and  Wound-Treatment  — 
Arrest  of  Haemorrhage — Shock  and  Wound -Fever— Emergency  Cases— Tracheotomy : 
Minor  Surgical  Operations — Bandaging— Fractures— Dislocations,  Sprains,  and  Bruises — 
Extemporary  Appliances  and  Civil  Ambulance  Work— Massage— Surgical  Applications 
of  Electricity— Joint-Fixation  and  Fixed  Apparatus — The  Urine -The  Syphon  and  its 
Uses — Trusses  and  Artificial  Limbs — Plaster-Casting — Post-Mortem  Examination  — 
Appendix  : Various  Useful  Hints,  Suggestions,  and  Recipes. 

*'  Thoroughly  practical  an ii  trustworthy,  well  up  to  date,  CLEAR,  ACCURATE,  AND  succinct.  The 
book  is  handy,  and  very  well  got  up."— 1-ancet. 

“ Admirably  arranged.  The  best  practical  little  work  we  have  seen.  The  mattor  is  as  good  as  the 
manner." — Edinburgh  Medical  Journal. 

“ Will  prove  of  real  service  to  the  Practitioner  who  wants  a useful  vade  meeum." — British  Medical  Journal. 

“ Fulfils  admirably  the  objects  with  which  it  has  been  written." — Glasgow  Medical  Journal. 

“This  excellent  little  work.  Clear,  concise,  and  very  readable,  tiives  attention  to  important 
details  often  omitted,  but  absolutely  necessary  to  success."— dihenieum. 

“A  dainty  volume.” — Manchester  Medical  Chronicle. 


LONDON:  EXETER  STREET,  STRAND. 


MEDICAL  POCKET-BOOKS. 


23 


Griffin’s  Pocket-Book  Series. 

By  Drs.  PORTER  and  GODWIN. 

FOURTH  EDITION,  Reuised  and  Enlarged.  Leather,  Rounded  Edges,  with 
128  Illustrations  and  Folding-plate.  8s.  6d. 

THE  SURGEON’S  POCKET-BOOK. 

Specially  aDaptcb  to  tbc  flMiblic  d&e&ical  Services. 

By  Surgeon-Major  J.  H.  PORTER. 

REVISED  AND  IN  GREAT  PART  REWRITTEN 

By  Brigade-Surgeon  C.  H.  Y.  GODWIN, 

Late  Professor  of  Military  Surgery  in  the  Army  Medical  School. 

“ Every  Medical  Officer  is  recommended  to  have  the  ‘ Surgeon's  Pocket-Book,’  by  Surgeon- 
Major  Porter,  accessible  to  refresh  his  memory  and  fortify  his  judgment.” — Pricis  of  Field- 
Service  Medical  Arrangements  for  Afghan  War. 

“ The  present  editor— Brigade-Surgeon  Godwin— has  introduced  so  much  that  is  new  and 
practical,  that  we  can  recommend  this  ‘Surgeon’s  Pocket-Book’  as  an  invaluable  guide  to 
all  engaged,  or  likely  to  be  engaged,  in  Field  Medical  Service.” — Lancet. 

“A  complete  vade  mecum  to  guide  the  military  surgeon  in  the  field.” — British  Medical 
Journal. 


Pocket  Size.  Leather.  With  Illustrations.  12s.  6d. 

HYGIENE  (A  Hand-book  of). 

BY 

SURGEON-MAJOR  A.  M.  DAVIES,  D.P.H.Camb., 

Late  Assistant-Professor  of  Hygiene,  Army  Medical  School. 

General  Contents. — Air  and  Ventilation — Water  and  Water  Supply — Food  and 
Dieting — Removal  and  Disposal  of  Sewage — Habitations — Personal  Hygiene— Soils  and 
Sites  - Climate  and  Meteorology — Causation  and  Prevention  of  Disease — Disinfection. 


“This  admirable  handbook  . . . gives  full  information  compressed  into  the 

smallest  possible  bulk.” — Ed  in.  Med.  Journal. 

“The  elegant  dress  of  the  little  volume  before  us  is  but  the  outer  covering  of  a truly 
RICH  kebnel.  and  justly  merits  the  praise  it  spontaneously  calls  forth.  Attractive  to  the 
eve,  Surgeon-Major  Davies’  volume  is  equally  attractive  to  the  mind.  Students  will  find 
that  its  590  pages  comprise  all  information  necessary.  Compact,  handy,  comphehensive, 
it  certainly  merits  a high  place  among  the  text-books  of  the  day.” — Sanitary  Record. 

“ We  are  glad  to  welcome  Surgeon-Major  Davies’ book  . . . he  has  had  ample  oppor- 
tunity to  make  himself  a master  of  the  science,  and  he  has  a right  to  speak.  . . . 

Wonderfully-  well  up  to  date,  well  and  clearly  written,  pleasant  to  read  ."—The  Lancet. 

“Really  an  admirable  book.  ...  A most  handy  yvork  of  reference  full  of 
information.” — The  Hospital. 

“A  singularly  compact  and  elegant  volume  . . . contains  an  admirable  precis  of 

everything  relating  to  Hygiene  CLEARLY  and  LOGICALLY  arhanged  and  easy  of  reference. 
Likely,  we  think,  to  be  the  favourite  text-book.” — Public  Health. 
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Griffin’s  Pocket-Book  Series. 

TWO  IMPORTANT  ADDITIONAL  VOLUMES. 

Now  Ready.  Leather.  With  Rounded  Edges  for  the  Pocket. 

With  Illustrations.  10s.  6 d. 

THE  DISEASES  OF  CHILDREN, 

A CLINICAL  HANDBOOK. 

By  GEO.  ELDER,  M.D.,  F.R.C.P.(Ed.),  and 
J.  S.  FOWLER,  M.D.,  F.R.C.P.(Ed.), 

Clinical  Tutors,  Royal  infirmary,  Edinburgh ; Physicians  for  Out-patients,  Leith. 

General  Contents. — Anatomy — Physiology — Feeding  in  Infancy  and  in  Child- 
hood— General  Therapeutics  — Diagnosis;  Method  of  Examination;  Anamnesis  — 
General  Examination  ; Temperature  ; Examination  of  the  Skin— Alimentary  and 
Hsemopoietic  Systems — Circulatory  and  Respiratory  and  Urinary  Systems — Nervous 
and  Locomotory  Systems  — Diseases  of  the  Newly-Born — General  Constitutional 
Diseases — Diseases  of  the  Alimentary  System — Of  the  Hwmopoietic  System — Of  the 
Circulatory  System — Of  the  Respiratory  System — Of  the  Urinary  System — Of  the 
Nervous  System,  Functional— Of  the  Nervous  System,  Organic — Acute  Infectious 
Diseases — Index. 

“Well  adapted  to  its  purpose.  For  a Student's  bed-Bide  guide  it  may  be  CORDIALLY  RECOM- 
MENDED."— Edinburgh  Medical  Journal. 

“ The  Authors  are  to  be  congratulated  on  the  large  amount  of  information  which  they  have 
compressed  into  a small  space.  Concise,  . . . accurate,  . . . convenient.’’— The  Practitioner. 

“ The  book  deserves  a wide  circulation.  We  recommend  it  as  a thoroughly  trustworthy 
IDE." — Scottish  edical  and  Surgical  Journal. 


Just  Out.  Pocket-size,  Leather,  with  Illustrations  ( some  in  Colours).  10s.  6c?. 

OUTLINES  OF  BACTERIOLOGY, 

A PRACTICAL  HANDBOOK  FOR  STUDENTS. 

On  the  Basis  of  X h e PRECIS  D E MICRORIE 

(Ouvrage  couround  par  la  Faculte  de  Mddecine  de  Paris). 

By  Dr.  L.  H.  THOINOT,  and  E.  J.  MASSELIN, 

Professeur  agrdgd  d la  Faculty.  Mddecin  Mddecin  Vetdrinaire. 

des  HOpitaux. 

Translated  aud  adapted  for  English  Use,  with  Additions, 

By  WM.  ST.  CLAIR  SYMMERS,  M.B.(Aberd.), 

Professor  of  Pathology  and  Bacteriology,  Govt.  Medical  School.  Cairo;  late  Assistant  Bacteriologist,  British 
Institute  of  Preventive  Medicine,  Loudon;  Pathologist,  Lancashire  County  Asylum. 

Prestwick;  and  Pathologist,  General  Hospital,  Birmingham,  Ac.,  Ac. 

Contents. — I.  Glass  Apparatus.  II.  Preparation  and  Sterilization  — Culture 
Media.  III.  Autoclave  and  Incubator.  IV.  Experiments  with  Living  Animals. 
V.  VI.  General  Culture  Methods.  VII.  Colouring  and  Staining.  VIII.  Microscopic 
Examination.  Part  II. — I.  Diseases  Common  to  Man  and  Lower  Animals.  II. 
Diseases  Special  to  certain  Higher  Animals.  III.  Microbic  Diseases  Peculiar  to  Man. 
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Third  Edition.  With  Numerous  Illustrations.  5s. 

AN  INTRODUCTION  TO  THE  STUDY  OF 

MIDWIFERT. 

For  the  Use  of  Young  Practitioners,  Students,  and  Midwives. 

By  ARCHIBALD  DONALD,  M.A.,  M.D.,  C.M.Edin., 

Obstetric  Physician  to  the  Manchester  Royal  Infirmary;  Hon.  Surgeon  to  St.  Mary's  Hospital 

for  Women,  Manchester. 

British  Gynecological  Journal—"  Highly  creditable  to  the  author,  and  should  prove 
of  great  value  to  Midwifery  Students  and  Junior  Practitioners.’’ 

Sheffield  Medical  Journal. — “As  an  introduction  to  the  study  of  Midwifery,  no  better 
book  could  be  placed  in  the  hands  of  the  Student.” 


Second  Edition.  In  Crown  8 vo,  with  Illustrations.  Is.  6 d. 

OUTLINES  OF 

THE  DISEASES  OF  WOMEN. 

A CONCISE  HANDBOOK  FOR  STUDENTS. 


By  JOHN  PHILLIPS,  M.A.,  M.D.,  F.R.C.P., 

Physician.  British  Lying-in  Hospital;  Assist.  Obst.  Physician,  King'B  College  Hospital; 

Fell,  and  Mem.  ltd.  for  Exam,  of  Midwives,  Obstet.  Society;  Examiner  in 
Midwifery,  University  of  Gla>gow,  Ac.,  Ac. 

*„*  Dr.  Phillips’  work  is  essentially  practical  in  its  nature,  and  will  be  found 
invaluable  to  the  student  and  young  practitioner. 

“ Contains  a great  deal  of  information  in  a very  condensed  form.  . . . The 
value  of  the  work  is  increased  by  the  number  of  sketch  diagrams,  some  of  which  are  highly 
ingenious.”— Edin.  Med.  Journal. 

" Dr.  Phillips’  Manual  is  written  in  a succinct  style.  He  rightly  lays  stress  on 
Anatomy.  The  passages  on  case-taking  are  excellent.  Dr.  Phillips  is  very  trustworthy 
throughout  in  his  views  on  Therapeutics.  He  supplies  an  excellent  series  of  simple  but 
valuable  prescriptions,  an  indispensable  requirement  for  students. "—Brit. Med.  Journal. 

“This  excellent  text-book  . . . gives  just  what  the  student  requires.  . . . 

The  prescriptions  cannot  but  be  helpful.” — Medical  Press. 


In  8 vo,  with  Illustrations.  Cloth,  7s.  6 d. 

The  Management  of  Labour  and  of  the  Lying-in  Period. 

By  PROF.  H.  G.  LANDIS,  M.D., 

Starling  Medical  College. 


“ Fully  accomplishes  the  object  kept  in  view  by  its  author.  . . . Will  be  found  of 
great  value  by  the  young  practitioner.—  Glasgow  Medical  Journal. 


LONDON  : EXETER  STREET,  STRAND. 


26 


CHARLES  GRIFFIN  <5c  COMPANY’S 


Important  New  Work  Just  Out.  16s. 

DAIRY  CHEMISTRY  FOR  DAIRY  MANAGERS, 
CHEMISTS,  AND  ANALYSTS: 

fl  Practical  Handbook  for  Dairy  Chemists 
and  others  halting  Control  of  Dairies. 

^ ith  numerous  Tables  and  22  Illustrations. 


BY 

H.  DROOP  RICHMOND,  F.C.S., 

Chemist  to  the  Aylesbury  Dairy  Company. 

Summary  of  Contents  .—I.  Introductory  — The  Constituents  of  Milk.  II.  The 
Analysis  of  Milk.  III.  Normal  Milk  : Its  Adulterations  and  Alterations,  and  their 
Detection.  IV.  The  Chemical  Control  of  the  Dairy.  V.  Biological  and  Sanitary 
Matters.  VI.  Butter.  VII.  Other  Milk  Products.  VIII.  The  Milk  of  Mammals 
other  than  the  Cow — Appendices — Tables. 

“Will  probably  at  once  take  rank  as  the  leading  treatise  on  its  subject."— Scotsman. 


Vol.  I.  now  Ready.  Complete  in  Itself.  Price  15s. 

In  Two  Volumes,  sold  Separately. 

In  Large  8vo.  Handsome  Cloth.  With  Numerous  Illustrations. 

TECHNICAL  MYCOLOGY: 

The  Utilization  of  IVI icro-Organisms  in  the 
Flrts  and  manufactures. 

A Practical  Handbook  on  Fermentation  and  Fermentative  Processes 
for  the  Use  of  Brewers  and  DistiUers,  Analysts,  Technical  and 
Agricultural  Chemists,  and  all  interested  in  the 
Industries  dependent  on  Fermentation. 

By  Dk.  FRANZ  LAFAR, 

Professor  of  Fermentation-Physiology  and  Bacteriology  in  the  Technical  High  School,  Vienna. 

With  an  Introduction  by  Dr.  EMIL  CHR.  HANSEN,  Principal  of  the 
Carlsberg  Laboratory,  Copenhagen. 

Translated  by  CHARLES  T.  C.  SALTER. 

“The  chapters  teem  with  interesting  matter  from  beginning  to  end.  We  look  forward 
with  more  than  ordinary  anticipation  to  the  second  volume.” — Lancet. 

“It  is  difficult  to  conceive  of  a more  satisfactory  practical  hand-book  being  produced.” 
— Pharmaceutical  Journal. 

“ Indispensable  . . . comprehensive  ...  a perfect  mine  of  wealth.” — The 

Analyst. 

“An  exceedingly  interesting  and  valuable  contribution.” — Nature. 
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In  Large  8vo.  Cloth,  12s.  6c?. 


PHYSIOLOGISTS^  NOTE-BOOK : 

A SUMMARY  OF  THE 

Present  State  of  Physiological  Science  for  Students. 

BY 

ALEX  HILL,  M.A.,  M.D., 

Vice-Chancellor  of  the  University  of  Cambridge  ; Master  of  Downing  College. 


With  Numerous  Illustrations  and  Blank  Pages  for  MS.  Notes. 


General  Contents. — The  Blood — The  Vascular  System — The  Nerves— Muscle — 
Digestion — The  Skin — The  Kidneys — Respiration — The  Senses — Voice  and  Speech — 
Central  NervouB  System — Reproduction — Chemistry  of  the  Body. 


CHIEF  FEATURES  OF  DR.  HILL’S  NOTE-BOOK. 

1.  It  helps  the  Student  to  CODIFY  HIS  KNOWLEDGE. 

2.  Gives  a grasp  of  BOTH  SIDES  of  an  argument. 

3.  Is  INDISPENSABLE  for  RAPID  RECAPITULATION. 

The  Laurel  says  of  it: — “The  work  which  the  Master  of  Downing  College  modestly  compares  to  a Note- 
book is  an  a i'M ira hi. e compkndii  M ol  our  present  information  . . . will  be  a real  acquisition  to  Students 
. . . gives  all  essential  points.  . . . The  typographical  arrangement  is  a chief  feature  of  the  book. 
. . . Secures  at  a glance  the  evidence  on  both  sides  of  a theory." 

The  Hospital  says:— “The  Physiologist's  Note-book  bears  the  hall-mark  of  the  Cambridge  School,  and 
is  the  work  of  one  of  the  most  successful  of  her  teachers.  . . . Will  be  invaluable  to  students.” 

The  British  Medical  Journal  commends  in  the  volume— “Its  admirable  diagrams,  its  running  biblio- 
graphy, its  clear  Tables,  and  its  concise  statement  of  the  anatomical  aspects  of  the  subject.” 


“ If  a Student  could  rely  on  remembering  every  word  which  he  had  ever  heard  or  read, 
such  a book  as  this  would  be  unnecessary ; but  experience  teaches  that  he  constantly  needs 
to  recall  the  form  of  an  argument  and  to  make  sure  of  the  proper  classification  of  his  facts, 
although  he  does  not  need  a second  time  to  follow  the  author  up  all  the  short  steps  by  which 
the  ascent  was  first  made.  With  a view  to  rendering  the  book  useful  for  rapid  recapitulation, 
I have  endeavoured  to  strike  out  every  word  which  was  not  essential  to  clearness,  and  thus, 
without  I hope  falling  into  ‘ telegram  ’ English,  to  give  the  text  the  form  which  it  may  be 
supposed  to  take  in  a well-kept  Note  book;  at  the  same  time,  space  has  been  left  for  the 
Introduction  In  MS.  of  such  additional  facts  and  arguments  as  seem  to  the  reader  to  bear 
upon  the  subject-matter.  For  the  same  reason  the  drawings  are  reduced  to  diagrams. 
All  details  which  are  not  necessary  to  the  comprehension  of  the  principles  of  construction  of 
the  apparatus  or  organ,  as  the  case  may  be,  are  omitted,  and  it  is  hoped  that  the  drawings 
will,  therefore,  be  easy  to  grasp,  remember,  and  reproduce. 

“As  it  is  intended  that  the  ‘Note-book’  should  be  essentially  a Student’s  book,  no 
references  are  given  to  foreign  literature  or  to  recondite  papers  in  English ; but,  on  the  other 
hand,  references  are  given  to  a number  of  classical  English  memoirs,  as  well  as  to  descriptions 
in  text-books  which  appear  to  me  to  be  particularly  lucid,  and  the  Student  is  strongly 
recommended  to  study  the  passages  and  Papers  referred  to.” — Extract  from  A uthor's  Preface. 
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By  WILLIAM  STIRLING,  M.D.,  Sc.D. 

Professor  in  the  Victoria  University,  Brackeubury  Professor  of  Physiology  and  Histology  in  the  Oivena  fniw* 
Manchester;  and  Examiner  in  the  Universities  of  Edlnburgti  and  LondonfUd  fOT  Hie  g ’ 

1 ellow  ship  of  the  ltoyal  College  of  Surgeons,  England. 


THIRD  EDITION . In  Extra  Crown  8uo,  with  Numerous  Illustrations.  Cloth  12s  6d 

OUTLINES  OF  PRACTICAL  PHYSIOLOGY  : 

A Manual  fop  the  Physiological  Laboratory, 

INCLUDING 

CHEMICAL  AND  EXPERIMENTAL  PHYSIOLOGY,  WITH  REFERENCE  TO  PRACTICAL  MEDICINE. 

Part  I.— Chemical  Physiology. 

Part  II.— Experimental  Physiology. 

» Third,  Edition,  revised  and  enlarged,  the  number  of  Illustrations  has 

been  increased. 


Fig.  118. — Horizontal  Myograph  of  Frc'd^ricq.  M,  Glass  plate,  moving  on  the  guides 
ftfi  h Lever;  m,  Muscle;  p,  e,  e,  Electrodes;  T,  Cork  plate;  a,  Counterpoise  to 
lever  ; Ji,  Key  in  primary  circuit. 


OPINIONS  OF  THE  PRESS. 

“The  best  students’  book  on  the  subject,  fui.l  of  information,  and  capitally  illustrated.”— 
The  Lancet. 

“ This  valuable  little  manual.  . . . The  general  conception  of  the  book  is  excellent  ; the 
arrangement  of  the  exercises  is  all  that  can  be  desired  ; the  descriptions  of  experiments  are  clear, 
CONCISE,  and  to  the  point.” — British  Medical  Journal. 

“ The  student  is  enabled  to  perform  for  himself  most  of  the  experiments  usually  shown  in 
a systematic  course  of  lectures  on  physiology,  and  the  practice  thus  obtained  must  prove  in- 
valuable. . . . May  be  confidently  recommended  as  a guide  to  the  student  of  physiology,  and. 
we  doubt  not.  will  also  find  its  way  into  the  hands  of  many  of  our  scientific  and  medical  practitioners.” 
— Glasgow  Medical  Journal. 

“ An  exceedingly  convenient  Handbook  of  Experimental  Physiology.” — Birmingham  Medical 
Review. 
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Companion  Volume  by  Prof.  Stirling. 

SECOND  EDITION.  In  Extra  Crown  8uo,  with  368  Illustrations.  Cloth,  12s.  6d. 

OUTLINES  OF  PRACTICAL  HISTOLOGY: 

A MANUAL  FOR  STUDENTS. 

***  Dr.  Stirling’s  “ Outlines  of  Practical  Histology  ” is  a compact 
Handbook  for  students,  providing  a Complete  Laboratory  Course,  in 
which  almost  every  exercise  is  accompanied  by  a drawing.  Very  many  of 
the  Illustrations  have  been  prepared  expressly  for  the  work. 


OPINIONS  OF  THE  PRESS. 


“The  general  plan  of  the  work  is  admirable.  . . . It  is  very  evident  that  the 

suggestions  given  are  the  outcome  of  a prolonged  experience  in  teaching  Practical 
Histology,  combined  with  a remarkable  judgment  in  the  selection  of  methods. 
. . . Merits  the  highest  praise  for  the  illustrations,  which  are  at  once  clear  and 

faithful.” — British  Medical  Journal. 

“ We  can  confidently  recommend  this  small  but  concisely- written  and  admirably 
illustrated  work  to  students.  They  will  find  it  to  be  a very  useful  and  reliable 
guide  in  the  laboratory,  or  in  their  own  room.  All  the  principal  methods  of  preparing 
tissues  for  section  are  given,  with  such  precise  directions  that  little  or  no  difficulty  can 
be  felt  in  following  them  in  their  most  minute  details.  . . . The  volume  proceeds 

from  a master  in  his  craft.” — Lancet.  1 


“We  have  no  doubt  the  outlines  will  meet  with  most  favourable 
workers  in  Histology.  Glasgow  Medical  Journal. 


acceptance  among 
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W OEK  S 

By  J.  R.  AINSWORTH  DAVIS,  M.A.,  F.Z.S. 

PROFESSOR  OP  BIOLOGY,  UNIVERSITY  COLLEGE,  ABERYSTWYTH. 


AN  ELEMENTARY  TEXT-BOOK  OF 

BIOLOGY. 

SECOND  EDITION.  In  Two  Parts. 

Part  I.  Vegetable  Morphology  and  Physiology.  With  Complete  Index-Glossary 

and  128  Illustrations.  Price  8s.  6d. 

Part  II.  Animal  Morphology  and  Physiology.  With  Complete  Index-Glossary 
and  108  Illustrations.  Price  10s.  6d. 

EACH  PART  SOLD  SEPARATELY. 

*»*  Note. — The  Second  Edition  has  been  thoroughly  Revised  and  Enlarged,  and 
includes  all  the  leading  selected  Types  in  the  various  Organic  Groups. 

Of  the  Second  Edition,  the  British  Medical  Journal  says: — “Certainly  the  best  ‘biology’ 
with  which  we  are  acquainted,  and  it  owes  its  pre-eminence  to  the  tact  that  it  is  an  excellent 
attempt  to  present  Biology  to  the  Student  as  a correlated  and  complete  science.  The 
glossarial  Index  is  a most  useful  addition.” 

“ Furnishes  a clear  and  comprehensive  exposition  of  the  subject  in  a systematic  form.” 

Saturday  Review. 

“ Literally  packed  with  information.”— Olasyow  Medical  Journal. 


THE  FLOWERING  PLANT, 

AS  ILLUSTRATING  THE  FIRST  PRINCIPLES  OF  BOTANY. 

Specially  adapted  for  London  Matriculation,  S.  Kensington,  and  University  Local 
Examinations  in  Botany.  Third  Edition,  Revised  and  Enlarged.  With  numerous 
Illustrations. 

With  a Supplementary  Chapter  on  Ferns  and  Mosses. 

“ It  would  be  hard  to  find  a Text-book  which  would  better  guide  the  student  to  an  accurate 
knowledge  of  modem  discoveries  in  Botany.  . . . The  scientific  accuracy  of  statement,  and 

the  concise  exposition  of  first  principles  make  it  valuable  for  educational  purposes.  In  the  chapter 
on  the  Physiology  of  Flowers,  an  admirable  risurni  is  given,  drawn  from  Darwin,  Hermann  Mttller, 
Kerner,  and  Lubbock,  of  what  is  known  of  the  Fertilization  of  Flowers.” 

*#*  Recommended  by  the  National  Home-Reading  Union  ; and  also  for  use  in 
the  University  Correspondence  Classes. 


A ZOOLOGICAL  POCKET  - BOOK : 

op,  Synopsis  of  Animal  Classification. 

Comprising  Definitions  of  the  Phyla , Classes,  and  Orders,  with  explanatory 

Remarks  and  Tables. 

By  Dr.  EMIL  SELENKA, 

Professor  in  the  University  of  Erlangen. 

Authorised  English  translation  from  the  Third  German  Edition. 

In  Small  Post  8vo,  Interleaved  for  the  use  of  Students.  Limp  Covers,  4s. 

“ Dr.  Selenka’s  Manual  will  be  found  useful  by  all  Students  of  Zoology.  It  is  a comprehensive 
and  successful  attempt  to  present  us  with  a scheme  of  the  natural  arrangement  of  the  animal 
world.” — Edin.  Med.  Journal.  . 

“ Will  prove  very  serviceable  to  those  who  are  attending  Biology  Lectures.  ...  The  trans- 
lation is  accurate  and  clear.” — Lancet 
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WORKS  by  A.  WYNTER  BLYTH,  M.R.C.S.,  F.C.S., 

Barrister-at-Law,  Public  Analyst  for  the  County  of  Devon,  and  Medical  Officer  of  Health 
for  St.  Marylebone. 

NEW  EDITIONS.  Reuised  and  partly  Rewritten. 


FOODS:  THEIR  COMPOSITION  AND  ANALYSIS. 

In  Demy  8vo,  Cloth,  with  Elaborate  Tables  and  Plates. 

FOURTH  EDITION.  Price  21s. 

GENERAL  CONTENTS. 

History  of  Adulteration — Legislation,  Past  and  Present — Apparatus  useful  to  the 
Food- Analyst — “Ash  ” — Sugar — Confectionery — Honey —Treacle— Jams  and  Preserved 
Fruits — Starches — Wheaten  -Flour — Bread— Oats — Barley— Rye — Rice — Maize — Millet 

Potato — Peas — Chinese  Peas  — Lentils— Beans— Milk — Cream— Butter— Oleo-marga- 

rine — Butterine — Cheese— Lard — Tea— Coffee— Cocoa  and  Chocolate — Alcohol— Brandy 
— Rum — Whisky — Gin— Arrack — Liqueurs  — Absinthe — Principles  of  Fermentation — 
Yeast — Beer—  Wine — Vinegar — Lemon  and  Lime  Juice — Mustard — Pepper — Sweet  and 
Bitter  Almond— Annatto  — Olive  Oil— Water — Standard  Solutions  and  Reagents. 
Appendix : Text  of  English  and  American  Adulteration  Acts. 

PRESS  NOTICES  OF  THE  FOURTH  EDITION. 

“ Simply  indispensable  in  the  Analyst’s  laboratory.” — The  Lancet. 

“The  Standard  work  on  the  subject.  . . . Every  chapter  and  every  page  give 

abundant  proof  of  the  strict  revision  to  which  the  work  has  been  subjected.  . . . The 

section  on  Milk  is,  we  believe,  the  most  exhaustive  study  of  the  subject  extant.  . . . An 

INDISPENSABLE  MANUAL  for  Analysts  and  Medical  Officers  of  Health.” — Public  Health. 

“ A new  edition  of  Mr.  Wynter  Blyth’s  Standard  work,  enriched  with  all  the  recent 
discoveries  and  improvements,  will  be  accepted  as  a boon .” —Chemical  News. 


POISONS:  THEIR  EFFECTS  AND  DETECTION. 

THIRD  EDITION.  In  Large  8vo,  Handsome  Cloth. 

With  Tables  and  Illustrations.  Price  21s. 

GENERAL  CONTENTS. 

I. — Historical  Introduction.  II. — Classification — Statistics — Connection  between 

Toxic  Action  and  Chemical  Composition — Life  Tests — General  Method  of  Procedure — 
The  Spectroscope — Examination  of  Blood  and  Blood  Stains.  III. — Poisonous  Gases. 
IV. — Acids  and  Alkalies.  V. — More  or  less  Volatile  Poisonous  Substances.  VI. — 
Alkaloids  and  Poisonous  Vegetable  Principles.  VII.  — Poisons  derived  from  Living  or 
Dead  Animal  Substances.  VIII. — The  Oxalic  Acid  Group.  IX. — Inorganic  Poisons — 
Appendix  : Treatment,  by  Antidotes  or  otherwise,  of  Cases  of  Poisoning. 

*‘  Undoubtedly  the  most  complete  work  on  Toxicology  in  our  language.” — The  Analyst 
{on  the  Third  Edition). 

“ As  a practical  guide,  we  know  no  better  work.” — The  Lancet  (on  the  Third  Edition). 

“ One  of  the  best  and  most  comprehensive  works  on  the  subject.” — Saturday  Review. 

“A  sound  and  Practical  Manual  of  Toxicology,  which  cannot  be  too  warmly  recom- 
mended. . . . One  of  its  chief  merits  is  that  it  discusses  substances  which  have  been 

overlooked.” — Chemical  News. 

*#*  The  THIRD  EDITION  has  been  In  great  part  Re-written,  Enlarged,  and 
Corrected.  New  ANALYTICAL  METHODS  have  been  introduced,  and  the  CADAVERIC 
ALKALOIDS,  or  PTOMAINES,  bodies  playing  so  great  a part  in  food  poisoning  and  in 
the  manifestations  of  disease,  have  received  special  attention. 


LONDON:  EXETER  STREET,  STRAND. 


32 


CHARLES  GRIFFIN  & COMPANY'S 


By  W.  ELBQRNE,  F.L.S. 

In  Extra  Crown  8vo,  with  Litho-plates  and  Numerous  Illustrations.  Cloth,  8s.  6 d. 

ELEMENTS  OF 

PRACTICAL  PHARMACY  AND  DISPENSING. 

By  WILLIAM  ELBORNE,  B.A.Oantab., 

Demonstrator  of  Materia  Medica  and  Teacher  of  Pharmacy  at  University  College,  London;  Pharmacist  to 
University  College  Hospital ; Member  of  the  Pharmaceutical  8ociety  of  Great  Britain;  Fellow  of  the 
Chemical  and  Linnean  Societienof  Lon<i<»n;  formerly  Assistant-Lecturer  in  Pharmacy 
and  Materia  Medica  at  the  Owens  College,  Manchester 

“ A work  which  we  can  very  highly  recommend  to  the  perusal  of  all  Students  of 
Medicine.  . . . Admirably  adapted  to  their  requirements.” — Edinburgh  Medical 

Journal. 

“ Mr.  Elborne  evidently  appreciates  the  Requirements  of  Medical  Students,  and 
there  can  be  no  doubt  that  any  one  who  works  through  this  Course  will  obtain  an 
excellent  insight  into  Chemical  Pharmacy.” — British  Medical  Journal. 

“The  system  . . . which  Mr.  Elborne  here  sketches  is  thoroughly  sound.” — 

Chemist  and  Druggist. 

*.*  Formerly  Published  under  the  Title  of  “PHARMACY  AND  MATERIA  MEDICA.'1 


By  Drs.  DUPRE  and  HAKE. 

THIRD  EDITION  IN  PREPARATION. 

A SHORT  MANUAL  OF  INORGANIC  CHEMISTRY. 

By  A.  DUPRE,  Ph.D.,  F.R.S.,  and  WILSON  HAKE, 

Ph.D.,  F.I.O.,  F.CS.,  oT  the  Westminster  Hospital  Medical  School. 

“ A well-written,  clear,  and  accurate  Elementary  Manual  of  Inorganic  Chemistry. 

. . . We  agree  heartily  in  the  system  adopted  by  Drs.  Dupre  and  Hake.  W ill 

make  Experimental  Work  trebly  interesting  because  intelligible.” — Saturday 
Review. 


WORKS  by  Prof.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S.,  F.R.S.E., 

Glasgow  and  West  of  Scotland  Technical  College. 

OUTLINES  OF  QUANTITATIVE  ANALYSIS. 

With  Illustrations.  FOURTH  EDITION.  Crown  8 vo,  Cloth,  3s. 

“A  practical  work  by  a practical  man  . . . will  further  the  attainment  of 

accuracy  and  method.”—  Journal  of  Education. 

“ An  admirable  little  volume  . . . well  fulfils  its  purpose.” — Schoolmaster. 

“A  compact  laboratory  guide  for  beginners  was  wanted,  and  the  want  has  been 
well  supplied.  . . . A good  and  useful  book.” — Lancet. 


By  the  same  Author. 

OUTLINES  OF  QUALITATIVE  ANALYSIS. 

With  Illustrations.  THIRD  EDITION.  Crown  8 vo,  Cloth,  3s.  6 d. 

“ The  work  of  a thoroughly  practical  chemist  . . . and  one  which  may  be 

unhesitatingly  recommended.” — British  Medical  Journal. 

“Compiled  with  great  care,  and  will  supply  a want.” — Journal  of  Education. 
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Nineteenth  Edition.  With  Numerous  Illustrations,  3s.  6d. 

A MANUAL  OF  NURSING: 

MEDICAL  AND  SURGICAL. 

By  LAURENCE  HUMPHRY,  M.A.,  M.D.,  M.R.C.S., 

Assistant- Physician  to  and  late  Lecturer  to  Probationers  at  Addenbrooke's  Hospital , Cambridge. 

General  Contents. — The  General  Management  of  the  Sick  Room  in  Private  Houses 
— General  Plan  of  the  Human  Body— Diseases  of  the  Nervous  System — Respiratory 
System -Heart  and  Blood-Vessels — Digestive  System  — Skin  and  Kidneys  — Fevers — 
Diseases  of  Children — Wounds  and  Fractures — Management  of  Child-Bed — Sick-Room 
Cookery,  &c.,  &e. 

“In  the  fullest  sense  Dr.  Humphry’s  book  is  a distinct  advance  on  all  previous 
Manuals.  ...  Its  value  is  greatly  enhanced  by  copious  woodcuts  and  diagrams  of 
the  bones  and  internal  organs,  by  many  Illustrations  of  the  art  of  bandaging,  by 
Temperature  charts  indicative  of  the  course  of  some  of  the  most  characteristic  diseases, 
and  by  a goodly  array  of  Sick-hoom  Appliances  with  which  every  Norse  should 
endeavour  to  become  acquainted.” — British  Medical  Journal. 

“ We  should  advise  all  nurses  to  possess  a copy  of  the  work.  We  can  confidently 
recommend  it  as  an  excellent  guide  and  companion.” — Hospital. 


Third  Edition.  Handsome  Cloth,  Is. 

FOODS  AND  DIETARIES: 

HOW  AND  WHEN  TO  FEED  THE  SICK. 

By  R.  W.  BURNET,  M.  D.,  F.R.C.P.,. 

Physician  in  Ordinary  to  H.IC.H.  the  Duke  of  ] ork;  Seni  r Physician  to  the  Great  Northern  Central  Hospital,  &c. 

General  Contents. — Diet  in  Diseases  of  the  Stomach,  Intestinal  Tract,  Liver, 
Lungs,  Heart,  Kidneys,  &c. ; in  Diabetes,  Scurvy,  Ansemia,  Scrofula,  Gout,  Obesity,' 
Rheumatism,  Influenza,  Alcoholism,  Nervous  Disorders,  Diathetic  Diseases  Diseases  of 
Children,  with  Sections  on  Prepared  and  Predigested  Foods,  and  on  Invalid  Cookery. 

“ The  directions  given  are  uniformly  judicious.  . . . May  be  confidently  taken  as 
a reliable  guide  in  the  art  of  feeding  the  sick.’’ — Brit.  Med.  Journal. 

“To  all  who  have  much  to  do  with  Invalids,  Dr.  Burnet’s  book  will  be  of  great  use 
The  subject  is  treated  with  admirable  sense  and  judgment  by  Dr.  Burnet.  The  careful 
study  of  such  books  as  this  will  very  much  help  the  Practitioner  in  the  Treatment  of  cases 
and  powerfully  aid  the  action  of  remedies.”—  Lancet.  ’ 


Handsome  Cloth.  With  Coloured  Plates  and  Numerous  Illustrations. 

Price  6s. 

A MEDICAL  AND  SURGICAL  HELP 

FOR  SHIPMASTERS  AND  OFFICERS 

IN  THE  MERCHANT  NAVY. 

INCLUDING 

FIRST  AID  TO  THE  INJURED. 

BY 

WM.  JOHNSON  SMITH,  F.R.O.S., 

Principal  Medical  Officer,  Seamen's  Hospital,  Greenwich. 

“Sound,  judicious,  really  helpful."— The  Lancet. 
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CHARLES  GRIFFIN  d-  COMPANY'S 


In  Crown  8 vo.  With  Frontispiece.  Handsome  Cloth.  6s. 


THE  HYGIENIC  PREVENTION  OF 

CONSUMPTION. 


By  J.  EDWARD  SQUIRE,  M.D.,  D.P.H.  Camb., 

Physician  to  of  the  Royal 


GENERAL  CONI  ENTS. — The  Nature  of  Consumption — Preventive  Measures  : 
In  Infancy,  Childhood,  School  Life,  Adult  Life;  Exercise,  Clothing,  Diet;  the  House- 
hold, Choice  of  Occupation,  Residence — State  Hygiene— Management  of  Early 
Consumption  : — Question  of  Curability,  Climatic  Conditions,  Travelling,  &c. 

“ We  can  safely  say  that  Dr.  Squire’s  work  will  repay  study  even  by  the  most  cultivated 
physician.  . . . pull  of  instructive  matter.” — The  Lancet. 


Fifth  Edition.  Thoroughly  Revised  throughout.  With  additional 

Illustrations.  Price  6s. 

PRACTICAL  SANITATION : 

A HANDBOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 
INTERESTED  IN  SANITATION. 

By  GEORGE  REID,  M.D.,  D.P.H., 

Fellow  of  the  Sanitary  Institute  of  Great  Britain,  and  Medical  Officer,  Staffordshire  County  Council. 
WITH  AN  APPENDIX  ON  SANITARY  LAW 

By  HERBERT  MANLEY,  M.A.,  M.B.,  D.P.H., 

Medical  Officer  of  Health  for  the  County  Borough  of  West  Bromwich 


GENERAL  CONTENTS. 

Introduction — Water  Supply:  Drinking  Water,  Pollution  of  Water — Ventilation  and 
Warming — Principles  of  Sewage  Removal — Details  of  Drainage;  Refuse  Removal  and 
Disposal — Sanitary  and  Insanitary  Work  and  Appliances — Details  of  Plumbers’  Work — 
House  Construction — Infection  and  Disinfection — Food,  Inspection  of;  Characteristics 
of  Good  Meat;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food— Appendix;  Sanitary  Law; 
Model  Bye-Laws,  &c. 

“One  of  the  most  excellent  Works  on  Practical  Sanitation  we  possess.  Reliable  and  accurate.”— 
Public  Health. 

“ A vert  rsRFCL  Handbook,  with  a very  useful  Appendix.  We  recommend  it  not  only  to  Sanitary 
Inspectors,  but  to  all  interested  in  Sanitary  matters."— Sanitary  llecord. 
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Fourth  Edition.  Handsome  Cloth.  With  Frontispiece,  J+s. 

A MANUAL  OF  AMBULANCE. 

By  J.  SCOTT  RIDDELL,  C.M.,  M.B.,  M.A., 

ASSISTANT-SURGEON,  ABERDEEN  ROYAL  INFIRMARY:  LECTURER  AND  BXAMINKR  TO  THE  ABERDEEN  AMBULANCE 
ASSOCIATION:  EXAMINER  TO  THE  ST.  ANDREW'S  AMBULANCE  ASSOCIATION,  GLASGOW,  AND 
THE  ST.  JOHN  AMBULANCE  ASSOCIATION,  LONDON. 

With  Numerous  Illustrations  and  Full  Page  Plates. 


General  Contents. — Outlines  of  Human  Anatomy  and  Physiology — The  Triangular  Bandage 
and  its  Uses — The  Holler  Bandage  and  its  Uses — Fractures  —Dislocations  and  Sprains — 
Haemorrhage  — Wounds  — Insensibility  and  Fits— Asphyxia  and  Drowning  — Suffocation — 
Poisoning — Burns,  Frost-bite,  and  Sunstroke— Removal  of  Foreign  Bodies  from  (a)  The  Eye  ; 
(b)  The  Ear;  (c)  The  Nose;  (d)  The  Throat;  (e)  The  Tissues — Ambulance  Transport  and 
Stretcher  Drill— The  After-treatinent  of  Ambulance  Patients— Organisation  and  Management 
of  Ambulance  Classes — Appendix  : Examination  Papers  on  First  Aid. 

“A  capital  book.  . . . The  directions  are  short  and  clear,  and  testify  to  the  hand  of  an 
able  surgeon.’’— Udin.  Med.  Journal. 


“Should  be  in  the  hands  of  every  Mother  and  Nurse."— The  Nurse  (Boston). 

Third  Edition.  In  Large  Crown  8 vo.  Handsome  Cloth.  Price  5s. 

THE  WIFE  AND  MOTHER: 

A Medical  Guide  to  the  Care  of  Health  and  the  Management  of  Children. 


By  ALBERT  WESTLAND,  M.A.,  M.D,  C.M. 


General  Contents.— Part  I.  Early  Married  Life.  Part  II.  Early  Motherhood. 
Part  III.  The  Child,  in  Health  and  Sickness.  Part  IV.  Later  Married  Life. 

“ Well-arranged,  ami  clearly  written.' "—Lancet. 

“Will  be  useful  to  a newly-qualified  man,  commencing  general  practice."— British  Medical  Journal. 

“ A really  excellent  book.  . . . The  author  has  handled  the  subject  conscientiously  and  with 
perfect  good  taste.  — Aberdeen  Journal. 

“ Excellent  and  judicious.”— Western  Daily  Press. 

“ The  best  book  I can  recommend  is  4 The  Wife  and  Mother,*  by  Dr.  Albert  Westland,  published 
by  Messrs.  Charles  Griffin  & Co.  It  is  a most  valuable  work,  written  with  discretion  and  refinement."— 
U earth  and  Home. 


With  Illustrations.  Crown  8 vo  extra.  Handsome  Cloth.  3s. 

INFANCY  and  INFANT-REARING: 

AN  INTRODUCTORY  MANUAL. 

BY 

JOHN  BENJ.  HELLIER,  M.D.Lond.,  M.R.C.S.,  Eng., 

L1CT.  ON  DISBASBS  OF  WOMBN  AND  CHILDREN,  YORKSHIRE  COLLEGE,  LEEDS;  EXAMINER  IN  THE  VICTORIA 
UNIVERSITY,  MANCHESTER;  8URO.  TO  THE  HOSP.  FOR  WOMEN  AND  CHILDREN,  LEEDS. 

“Thoroughly  practical  . . . a mtne  of  information."— Public  Healt h. 
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Seventeenth  Annual  Issue  (fop  1900). 

For  a COMPLETE  RECORD  of  the  PAPERS  read  before  the 
MEDICAL  SOCIETIES  throughout  the  United  Kingdom  during 
each  Year,  vide 

THE  OFFICIAL  YEAR-BOOK 


OF  THE 

SCIENTIFIC  AND  LEARNED  SOCIETIES 

OF  GREAT  BRITAIN  AND  IRELAND. 

Price  7s.  6d. 


COMPILED  FROM  OFFICIAL  SOURCES. 


Comprising  (together  with  other  Official  Information)  LISTS  of  the  PAPERS 
read  during  1899  before  the  ROYAL  SOCIETIES  of  LONDON  and 
EDINBURGH , the  ROYAL  DUBLIN  SOCIETY , the  BRITISH 
ASSOCIATION,  and  all  the  LEADING  SOCIETIES  throughout  the 
Kingdom  engaged  in  the  following  Departments  of  Research  : — 


§ 1.  Science  Generally:  i.e.,  Societies  occupy- 
ing themselves  with  several  Branches  of 
Science,  or  with  Science  and  Literature 
jointly. 

§ 2.  Astronomy,  Mathematics  and  Physics. 

§ 3.  Chemistry  and  Photography. 

§ 4.  Geology,  Geography,  and  Mineralogy. 

§ 5.  Biology,  including  Microscopy  and  An- 
thropology. 


§ 6.  Economic  Science  and  Statistics. 

§ 7.  Mechanical  Science  and  Architecture. 
§ 8.  Naval  and  Military  Science. 

§ 9.  Agriculture  and  Horticulture. 

§10.  Law. 

§ 11.  Literature  and  History. 

§ 12.  Psychology. 

§ 13.  Archaeology. 

§ 14.  Medicine. 


“ The  Year-Book  of  Societies  is  a Record  which  ought  to  be  of  the  greatest  use  for  the 
progress  of  science.”— Lord  Playfair,  F.R.S.,  K.C.B.,  M.P.,  Past  - President  of  the 
British  Association. 

“ It  goes  almost  without  saying  that  a Handbook  of  this  subject  will  be  in  time 
one  of  the  most  generally  useful  works  for  the  library  or  the  desk.’’ — The  Times. 

“The  Year-Book  of  Societies  meets  an  obvious  want,  and  promises  to  be  a valuable 
work  of  reference.” — A thenceum. 

“ The  Year-Book  of  Scientific  and  Learned  Societies  meets  a want,  and  is  therefore 
sure  of  a welcome.” — Westminster  Review. 

“ As  a Book  of  Reference,  we  have  ever  found  it  trustworthy.” — Lancet. 

“ Remarkably  full  and  accurate.” — British  Medical  Journal. 

“ An  exceedingly  well  drawn  up  volume,  compiled  with  great  accuracy,  and  indispensable 
to  any  one  who  may  wish  to  keep  himself  abreast  of  the  scientific  work  of  the  day.”— Edin. 
Medical  Journal. 

Copies  of  the  First  Issue,  giving  an  account  of  the  History,  Organisa- 
tion, and  Conditions  of  Membership  of  the  various  Societies  [with  Appendix 
on  the  Leading  Scientific  Societies  throughout  the  world],  and  forming  the 
groundwork  of  the  Series,  may  still  be  had,  price  7s.  6d.  Also  Copies  of  the 
succeeding  Issues. 

The  year-book  of  societies  forms  a complete  index  to  the  scientific 
work  of  the  year  in  the  various  Departments.  It  is  used  as  a ready 
Handbook  in  all  our  great  Scientific  Centres,  Museums,  and  Libraries 
throughout  the  Kingdom,  and  will,  without  doubt,  become  an  indispensable 
book  of  reference  to  every  one  engaged  in  Scientific  Work, 
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